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Calculus. American Educational Research Journal, vl5 n2,
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Effect of Computer Utilization on the Achievement and Attitudes_
of Ninth Grade Mathematics Students. Journal for Research in
Mathematics Edﬁcatigg? v8 nl, pp26-32, January 1977.
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Shaughnessy, Michael. /Misconceptions of Probability: An Exper-
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Approach to Intrpductory Probability at the College Level.
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RELATIONSHIP& BEII EN.SEL@CTEU fyﬂﬁhER“BEHAVIORS oF PREALGEBRA TEACHERS .
. AND SELECTEB c CTERTSTICS, OF-PHEIR STUDENIS.. . Campbell, N. Jo, Schoen,.
Harold L. Joutnal’ for Researgh In Mathematics Education, v8 n5, pp369—

3

375 November,l97?. g ;;& SRS e : ;
. , Al I‘-l. S l.:o - . e : L
'Expanded Abstr&ctland zéhixéis Especiaﬂly Prepared for 1. M E by Jamés
M. Moser, Uni@ersity of sconsinJMadisdn I ‘qﬂ - .
S x| 1 —_— ey - , o R ;" S ", ‘,
: “ . e, . ‘t . - . P ) ©
Pur a se J l . S ‘ :'; T e e ‘1-':
. . ;*‘ M ! ." : C n .

: The purpose of the.study was to, détérmine whether relationships ‘ ,
exist between: students perceptions of selected behaviors of .pre- _ }
-algebra teachers and seleoted student pefformance and attitude vari-- -

_ables. ..., . |’ : . i T Sl
T U i T . )
: G A ",. o BN I . j‘ - ' '
2. Rationa’l’e . .. ‘ po

Little rat onale wggipresen ed, other than-brief reference given.
to use of students’ “Opinions by three other researchers (Murray, 1972;
Ryans, l953, and CoganK 1958). 5 - - !

3
N )
°

»

3. Research Design and'Procedure . ‘»'. = "

Data were gFthered in Fall 1974 by means: of a questionnaire that
was validated by three faculty members and subsequently revised "after a
pilot test with three “prealgebra classes (at the junior high level bé-

- fore ninth—grade algebra).. Items included thOse collecting informa—

‘tion about students' characteristics (grades in mathematics and in other
subjects) and students' attitudes towards mathematics, their mathematics‘ '
teacher, and school in general, ‘as well as the 19 items dealing with

~ students'’ perceptions as to, whether teachers[exhibited a variety- of
teacher behaviors. These latter items were rated on. a four—point scale
0--can' t.answer;, l—-never, 2——sometimes, and '‘3--always.

\ : i/ r
The subjects were. 816 female and 786 ma&e students drawn from pre-
~algebra classes of 73 teachers in 28 d1ffereht school districts in six
" ‘southeastern Oklahoma counties. .Each teach r selected oné class for
inclusion in the,study. The meanhgrade level for the.73 classeés was
7.90. The responses from-several randomly selected pairs of students
from different classes were correlated to abtain estimates of interrater
reliability These estimates ranged from .65 to 83

y . -

L : i

Class nean responses were computed for each item with corrections
made for negatively worded statements. Intercorrelations for class
means of students' characteristics and students’ attitudes were computed
and tested for significance "at the-.005 level. Correlations between ‘
characteristics and attitudes of students and the 19 teacher-behavior’
items were also computed and tedted for significance-at the *,0005 level.
Student responses to items abqut. teaching behaviors were factor-analyzed‘




\ o o ‘

using the-truncated component model. After six factors were identifiga
class means’ for these factors were computed and then correlation coeffi-
cients computed between these mean scores and the mean’ scores’ of the
characteristics and,attitudes of the students. ! '

.

» . s ~ ‘

-Q. Findings

Attitudes of studeﬁts “toward mathematics were posit1vely related
with their grades in matliématics, with the comparison of’ their mathe-~
matics grades to other grades, and most strongly witKk their attitudes
toward théir mathematics teacher. - Their attitudes toward "their .mathe-
matics, teacher were positively related to stheir comparison of‘grades'in
mathematics to their other grades. 0f all thae correlationi computéd be-
tween characteristivs and attitudes of students and the tea her—behadﬁ r

- items, only one was determined to he statistically S1gnific§nt--between

attitude towards the mathematics teacher and the behavior o shoqs con-
tinuity of the mathematlcs curriculum. L, ) s '
et 5

The six identifiable factors of teacher behavior that had ergen ,
values greater than 1 after using the Varimax rotation procedure were .
labeled as (1) positive teaching orientation,  (2)" flexible teaching .
pethods, (3) lack of concern for student growth, (4) trad1tional teach- ;-
ing oripntation, (5) use of phys1cal models, and (6) orientation toward
students. Of the 30 correlation coefficients computed be"een these !

.six . factors and the flve student characteristic and attjtude scores, ‘only .
one was found to. be’ significant--between attitude toward teacher and the”

first factor. ’ . : ,

. Lo Y . )
c 1
5. ° Interpretations .  * . S )

R 3 )' - +, e g s
o ThJ study idenqifled several moderate relatlonships between student

‘perceptions of selected teache behav1ors .and student achievemént or.
attitudes. The teacher behaviors that most often tended to be reldted . ]

-with.positive student attitudes toward mathematics and the. mathematlcs Co
teacher were, "Explains- +why with how problems arg worked ‘and. "Shows -
continuity of the mathematics curr1culuﬁ?" Students who percelved their -
'mathematics teacher as trying to remove the "mysteries' of mathematics *~ "
had more positlve attitudes toward mathematics and the teacher.

.

N . @ 1, : .
t N ' -< - . Lo
. " . ' -

Critical Commentary

v

+ 3

One of the first questions that comes to mind is the one that
comes with any study of teachlng behavigr at any level: namely, "How
‘were the -teachers selected?" . There is no.mention of .the selection pro-:
cess in-the research reports - It 1s lamentable that the classes.of the
'73 teachers were not :randomly chd%en by the researcher. One fears that
the results are biased as a resui%» The reported mean grade level of
*7.90 certainly indicates that there 1s ‘a bias ‘toward older children,
. since 1t is aisuméd that . (s1nce no specific mention is made\of the fact) -

.
2 N

. ¢ ' l‘
. . . .
. e ) ¢ . c H 2 , ,.4}

P c ‘u




. , . : _ .

".the majority bf classes were seventh and eighth graders.

[y . . N :

Another major'problem is the scaling of the student responses on the
characteristic and attitude items.- The responses appear to be forced into
a three—point scale that lacks the desirable psychometric properties,
given that so many correlations:were computed.  For example, on the atti- -
tudes toward mathematics, mathematics teacher, and school in general, the

' choices were "like,very much" {italics mine}, "OK", and "don't like." ‘

" The gap between the neutral and positive responses seems much greater -than. .
between the netural and' negative 'responsés. This is especially crucial

" in the attitude toward teacher item; there are probably some severe reli-
ability problems here! The mathematics grades choices seemed a bit strange:--
as well--"A's and B's", "B's and C's,"and "C's and D's." Would a child
who hads:1 A and 4 B's receiye’the same .score as the child who had .4 A's
and 1 B? I hope not, but oithe basis of the report-I think ft is the
case. . ) ’ g v ' ‘ .

) . s . ‘

L4

. It is inﬂeresting to ngte 'the 1imited rationale presented Onlyllr
three brief references were given, two of which are over 15 years old.
.This does not.seem to be a very: active field of investigation' The lack
of randomization,: the presence of data based upon questionable measure-
ment scales, and the presence of very few "moderate" relationships sug-
gests that this study has very limited applicability and 1is of interest
to a limited number of professionals.

- -

‘n Lo K f . \
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THE“RELATIVE EFFECTIVENESS OF THREE~GEOMETRIC PROOF CONSTRUCTION STRATT
EGIES: Carroll, Dennis C. Journal fer Research in Mathematics Education,
v8 nl, pp62-67, January 1977.

Expanded Abstrdct and Analysis Prepared Especially for I. M.E. by Arthur

,F. Coxfoxd, University of Michigan. _ i
1. Purpose ) ' )

_— The purpose was to determine the relative effectiveness of three
strategies of geometric proof construction analysis, synthesis, and ' !
combined analyj? —synthesis ) _ ‘. .

. P . , . i
. . . \

2. Rationale _ B : . .
The three strategies identified above are'frequentlyﬂreférred to in
methods books and employed in‘different school gEOmetry textbooks. -Avail-
able evidence has not identified an optimal strategy for use with schgol -
geometry students. No theoretical, psychological, or other basis was
indicated. ) : : '

L3 ‘Research Design and Procedure

— Nine dntact classes were chosen from five. high schools to study a_
six—day, experimenter-developed unit on congruent triangles._ The in-
struction was performed by nine student teachers especially trained . !
in the three treatments. The nine student teachers were.randomly-
.assigned to treatment, three for each treatment. The experimental unit

was taught’ approximately 12 weeks into the first semester. Previously, -
the: studénts had studied geometry us1ng Wodern Geometry (Houghton Mifflin,
1975) as a text. L

S
- .

Upon completion of the-six days of instruction, two tests of proof

construction (RGT and EGT) achievement .were administered. The RGT (re-

. quired-given test) was made up of five: items randomly selected from a
pool of ten items. Each item contained a figure, the given relating
Jto the figure, and the deducible statment. In the given, only necessary
information was included. The EGT (extraneous given test) was similar
to the RGT'with the exception that the given included extraneous infor-
mation. During instruction, approximately one-half of the proof prac-
tice problems contained extraneous information in the given, thus, the-
EGT was not a transfer test. The reliability cﬁefficients of RGT and
EGT were 0.92 and 0. 93, respectively

* The completed tests for each class were evaluated by the student
. teacher, by the regular classroom teacher, and by the experimenter
The scoring scale was 0 to 3 for each item, with a maximum of 15 p01nts
for each test. The three evaluators' scores were averaged to obtain
each student's score. A student was categorized as above average or




~

- -

belbw average on the basis of the student's first six weeks grade in ge-
.ometry and the ‘grades for ‘first- and second sedéster algebra

4. Findings

For each strategy group, the mean scores on the RGT and the EGT for |

the above- and below-averige groups were data points. -These data were
8ubmitted to a 3x2 multivariate analysis of variange for identification .
.of. a composite of the dependent variables and’ effect testing. The com-
posite was the difference in the achievement levels on the RGT and the
EGT. "For the’ three strategy groups the composite.was: analysis -- 2.23;
synthesds -- 0.51; combination -- 0.41. It was found that the mean com-
posite scores of the strategy groups were different {p < .05) and® that
~the mean composite scores of the above- and below-average prior—achieve-
" ment groups were: different (p < 005) : :

Univariate analysis of variance failed to show that the strategy
- groups' mean RGT or EGT scores were different. Post hoc analysis showed
that the mean composite score of the analytic strategy group:was greater

than either strategy group composite score. No other differences were
found. ‘ . ' ’

s

5. Interpretations

The major finding was that the analytic Strategy gronp showed a
large decrease in proof construction achievement when encountering :
extraneous data in the given, while the other groups decreased only
slightly. - The author suggestgd that this result might imply a modifica-
tion in the Bechtold and Scandura contention that a reduction in achieve-
ment occurs when extraneous data are included in a problem-solving situ-
ation. Such a genergl statement may need qualification and refinement
in ‘teyms of other pertinent variables. -

. s .8 . . : ’

Since the analytic strategy was- less stable across problem types,
the author sqggested that the synthetic or combination stratégy be em-
ployed in geometry courses until definitive evidence 1is found for an

optimal strategy. The author noted.the limitations of the small sample,
the experience. of the teaehers, and the brief instructional period,

Y . ) o

Critical Commentary

The author should be applauded for attempting to develop knowledge'
in an area as complex as proof strategies. Even though there are many
limitations on this study, it is a tentative step in helping teachers
“to do 2 more effective job in teaching proof. I would like to See ad-
ditional studies that focus ‘on the variables affecting proof construc—
tion: achievement rather than studies seeking an "optimal" strategy.-

The former focus would be fan more manageable and free from extraneous

P%

/-'forces - : (- ‘. : . '

518,

r.
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THE ELEMENTARY SCHOOL' AS A TRAghING LABORATORY AND ITS EFFECT ON L
ACHIEVING SIXTH GRADERS. Fennell, Francis and Trueblood, Cecil. urnal

for Research in Mathematics Education, v8 n2 pp97-~ lO6 March 19774

)

)\
Expanded Abstract and Analysis Prepared Especially ‘for I.M.E. by James M
Sherrill, University of British Columbia.

1. Purpose . ‘ C : - o v .“\

~ "...to collect formative data to show the impact of two ‘teacher- _
training experiencé§<x1low—achiev1ng s1xth—grw€e pupils.” N : "

] .
2. Rationale \\ . - ‘ : ‘
The traditional means-referenced conceptidn of instruction has been
questioned as being inadeguate for most instructional decision making.
. In its place several leading teacher educators have suggested a goal-re-
ferenced ,instructional model. The adoption of a goal-referenced instruc—
- tional model poses new problems; specifically, how should teacher educa-
tion programs be designed to prepare prospective elementary teachers_ to
perform the many professional tasks demanded by the emerging types of. in—
dividualized instruction?

) . - .
i« N

3. Research Design and Procedure - B o)

One group of five elementary teacher education students (TESI) was
trained in the tasks associated with a goal-referenced model of instryc-
tion; a second group (TES2) was trained to implément the procedures set
forth in the teacher's guide for the classroom text assigned by a local .
school district. Both TES1 and TES2 were given the same number of class
hours of instruction and review of the mathematics content to be.taught, -
A set of behavioral teachine competencles was used with' both groups to

' evaluate the method instructor's performance and to ‘jnsure, as much as

.possible, that both TES1 and TES2 had successfully completed their train- .

-.ing prograrms, o ) SR .
_ ! . : o !

Both groups of TES taught sixth-grade students judged as ‘low achiev-"
ers by their flfth—OHade teacher and their scores.on Form W (May 1971
administration) of the Stanford Achievement Test. Of the 47 pupils
(N(TES1) = 20, N(TES2) = 27) in the study, 60 percent scored below the .
fifth stanine on all subtests. Only two of the subjects scored above
the sixth stanine on any subtest.- Due to school policy the pupils could
not be randomly asslgned to treatment groups.

The formative data include (a) pupils pretest posttest, and re-
tention~test scores on a 32-item unit mastery test; (b) pupils' pretest,
.'posttest, and retention test scores on the’ Suydam-Trueblood Attitude .

sToward Mathematics scale, and (c) the amount - of ‘time needed by the in-'
structional group to demonstrate mastery of the unit objectives. The ..

¢

e . ’ ) »
~ . . . . a .




r. a . S . S
: unit ‘mastery test\was developed‘from a table of speci&%cations based on = .
the behaviorai/objectives for the unit of instruction On 4 pilot admin- -~
. istration of the unit\mastery test, the test—retest reliability was 0. 89~
' Tge Suydam-TruebloodOattitude scale has’ an average internal conisistenty
./( ronbach's Coefficient Alpha) of 0’96 e e - 2_"'.v .
A single classification analysis variance with repeated measurea
was computed for each instructional gfoup to assess "achievement gaig A
Newmah-Keuls analysis was used &o locateﬁsignificant differences. ) The’ o
single classifjication -analysis of variance ang N els. analy is were ' .
used with the Suydam-Trueblood Attitude ?2399&1&§¥::2at2cs 'scale scores. T
\ ,-:' ) . . »- o,

The unit of instruction for. the study wasafuncti\nffand equationa
B - . ' R . . . A R . \ oot
Yo RS .' S <. /. - S e e
4:; Findings ' 5U/ N e -y N Th e

. . o
. ‘ . ‘, ,
" ' N

“The .ANOVA results showed that both groups of sub ects made significant .
gains on the, 32-item unit masteryﬂtest.. ‘The Newman-Keuls analy s-ghowed '
that all three pairwise comparisons for Prg test : posttest, and r tention .

’ t were significant for ‘TES1. Only the posttest-retention te : failed
be significant comparison for TESZ . : Sy AP
. ‘ N .’ v . 3 v’ .
The ANOVA™ and Newman—Keuls analyses showed a significant gain in F“- .
attitude for the TES1 group on the preteht-retention test comparison only “
, The‘KNOVA for TE82 ‘pupils’ attitude scores was mnot significant '
{ .
.v . 'Every TES§2 subject took ninmeteen 45-mihute ﬁnstructional periods to
complete the unit. Half of the TES1 subjects finished ‘the unit in;16"
periods and one—fifth of fhe TES1 subjects finished the unit in 10 periods. .
. .\‘ . ,
. . -

I . « o . <«

5. - Interpretations S O
. ! . " ’ ‘\‘ . ' ) ‘. . K " . K N
A Béth TES groups significantly increased\thgir pupils" unit.mastery
test scores without negatively affecting their attitude towardrelementary o
school mathematics. . Theréfore,. using the elementary school’ as"a train- D
ing laboratory for the TES in’ this .study seemed to have p051tive impacth
on the pupils they taught Y . .

. 2 o .
~ '-; '

The data from this study suggest certain ideas that have potential

application 'to the field—based preparation of . prospective elementary ‘. ;4'\
~ teachers: B : . . . o
) '.. S . t " R ’. h : ~
B 1. Having TES help teach an indiVidually prescribed unit 4r.'n e

of mathematics under the supervision of a master teacher -

may- be educationally defensible in terms of the positive

impact it can have on the pupils and the realistic train-- B

, ing experience it can afford the prospective teachers ' IS
2. Public schools and teacher education inetitutions could
~ censider Combining forces to assist those pupils who*

1. most need, individualized attentlon——the Ibw-achieving ;-4 CYy
pupils. L ' 4/
/ ' ‘o : Yo . .
- o - e S ’
A * ¢ B T Da
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hg?ce, ‘a-more detailed and more—carefully designed set of studies should
be conducted : - o _ . . o :

& Critical Commentary

.

‘The concerns about this studv center. around tw0 areas: , the originai
design of the study and the statigtical analysis. . .

J B Design of the studv: Tt is agreed thal the study "...was
o - not intended as an- experimental comparison to decide which
' ) trainiug procedure was better. ‘However, a comparison group
was needed. While both TES groups increased the -unit mas-
tery test scores of their pupils it may be thaq/neither ‘
-performed as well as a traditignal non-field-based TES group
‘might have'performed-when\thefgztarted working with students.
The gains may have been due to the'confounding effects of -
maturation and testing. The study, as designed, suffers
from a classical case of statistical regression effect.

. - .. . Ve e
2. Statistical analysis: Pdtting aside the facts that there,

.. was no random assignment .:and the authors admit that the )
independence-of-data issue is cloudy, there is still some
confusion of the purpose of comparing- pretest-posttest ‘?*
scores. One of the pileces of data collected was ?...the ﬁf

amount of time needed by the instructional groups to dem— ,\ -
onstrate mastery of the unit objectives. It must be as-* !
p "suined that the researchers_had some manner,'other than "the .

.. - unit mastery test, to judge whether or not the individual
’ students had attained mastery. The subjects were pretested
‘worked on the mathematics content until they were judged
. to have mastered—the.unit, then .tested to see if they have*

. mastered the unit." ‘It. could not have come as.a surprise ;
‘that the F ratios based on the upit-mastery test data were
very large. ‘ :

. . - .
In spite of the‘above criticisms the conclusions of the authors are
realistic and stated with cautionary words such as "may" and "could".
Using the same cautions, it may be possible that the study could serve-
as an existence statement for the authors' point. of view.

¢
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SEX—RELATED DIFFERENCES IN ‘ﬂTHEMATICS ACHIEVEMENT AND . RELRTED FACTORS
. A FURTHER STUDY. Fennema, Mdizabeth H.; Sherman, Julia 'A. Journal for
Researéh in Mathematics Education, v9-n3, ppl89- 203 May l978

Expanded Abstract 11! Analysis Prepared LEspecially for I.M.E. by Mary
Grace Kantowski University of Florida. '

1

-

1. . Purpose
* = To continue-the gtudy of cognitive and affective variables that '
influence males and females to learn mathematics at different levels.
Cognitive variables include: computational skill, knowledge of corfcepts,
problem solving abllity, verbal ability, and spatial visualization.
Affective variables include: attitude toward success in mathematics,:
mathematics as a male domain, . perceived attitude of parents and teachers,
effectance motivation, confidence, and usefulness

( .

2. Rationale
. Several recent: studies have suggested that the widely ‘held, belief
of male supetriority in mathematics {is 'not as prevalant as had been be-
. 1lieved and fis, moreover, age-related. In earlier reported studies in-.
‘cluding only grades, 9 through 12, the authors found ghat sex-related
differences were found in only half of the school population sampled
when the, number of years of studying mathematics was controlled. This
research is a follow-up study designed to look at' the same variables
‘ in}the feeder schools for' those used in the studies reported earlier.

B

‘ 3. Research Design and Procedure ' ' -

A _A battery of tests was administered to 1320 sixth-, seventh-, and -
eighth-grade students in middlle schools in Madison, Wisconsin that were
the feedér schools for the population'of the previous study.. The sample
included only students in the top 85% in mathematics achievement The °
tests included the Romberg-Wearne Problem Solving Test, vocabulary tests
,from, the Verbal Battery of the Cognitive Abilities Test, the Space Re-

. lations Test, .Mathematics Concepts Test, Mathematics Computation .Test,

.’ ?nd the Féhnema Sherman Mathematics Attitude Scales

‘Means of the 15 measures were computed for males and females in
each of the three grade levels and for each of four areas of the city.

An ANOVA was performed on each variable, with sex, grade, and area

used as sources 6f variance. Correlation coefficients between measures

‘were computed for each sex and for the students combined over area and

grade. A principal component factor. analysis was also performed on all

variables  combined over area and .grade.




4. \\\\Finding si o - A. ‘.: ”_ L/ R \,rlo;-r:’g“ ‘ -

-

3

. Means and~ standard deviations for' all measures were reported by area, .
sex. and' grade, in addition to the usual F ratios of ANOVAs (Sex x Grade x
Area, and Sex x Grade for each Area). Significant sex-related differences .
were found in only two affective variables,. in each case "favoring"‘the
male: "Confidence n Learning Mathematics" and "Mathematics as a Male
Domain." As expected, significant area effects were found' for all vari-
ables, and’ significan grade effects were found for the cognitive vari-

~ &bles. \ ‘ , . .

The results of the, Sex x Grade for each Area data analysis showed

- the following: (1) significant differences in all areas for MMathe-

" matics as a Male Domain") (2) significart diffefence. in Computation-
(favoring females) in Area 4; (3) siénificant differences in favor of
‘males-in Romberg-Wearne Application and Romberg-Wearne Problem Solving
and for six of the elight affeCtive variables in Area 3. Only the "teacher"
"and "Effectance in Motivatlon"‘variables showed no significant sex dif— '
ferences in Area 3. SN )

/

&

5. Interpretations -«
. []

_ The findings.''strongly suggest that‘there are no universal sex- o

_related differences in mathematics learning.”" The authors note that the

: results of this study agree with the NAEP results of lack of differences
in mathematics achievement before age 17, but are in conflict with the
NLSMA conclusions that males are superior on tasks of high cognitive

" complexity. They suggest that the heightened interest in women in mathe-
matics in the interim years could be at least partially responsible for
some of the differences in results found in NLSMA studies and in this

 one. . L '.A.' , E . »_4 - | t

One surprising result was the lack of'siénificant difference in
spatial visualization in males and females, a finding that would,.if
further sybstantiated, dispel the long-head belief that males are supe-
rior to females in spatial ability. : .
[] : (4 :

A very interesting aspect of the discuss}on of results is the
comparison of the findings of this study with those of ‘the above-mentioned
study in grades 9 through 12. This is particularly true where sharp _
different%s were observed in the affective 'measures. Especially note-
worthy are the "Confidence in Learning Mathematics'™ and the "teacher" :

*variables and the relationship between ‘these variables - . s
’ Critical Commentary g ' . N

~ The Fennema—Sherman studies are a valuable contribution to the-’
search for reasons for the dearth of women in mathematics-related fields
More such. well=designed and carefully conducted research is needed to
provide hard data to substantiaté hypotheses or to dispel popular myths

¢
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/' I . - . )
ln addition to presenting status’ informatlon, these studies provide a

baseline with which tq compare the results of future studies.

A careful study of the tables and discussion suggests the following
questions and comments.ﬁ ‘ , : \ . R
(1) How much a function of Madison, Wisconsin are the. ”
. . results? Although a socloeconomic mix does exist, . " /
: any university town is an atypical sample. Com-

_ parative studies are needed *

" (2) _What are the socioeconomic characteristics of Areas
1,2, and 4? It would help the reader to have some
demographic information on each of the areas since
one purpose of such-.studies is to provide informa-
tion“to support hypotheses for probable causes of
_ lack of participation and for achievement differences.

(3) . The lack of significant sex-differences in the spa-

' ‘tial test was an especially interesting finding in N
need of further investigation. 'Since it is generally
accepted that moré than one spdce factor exists, fur-
ther .substantiation. of the findings with otheereasures
of spatial ability are- indicated :

»

(4) Some of the graphs on page 199 of the article are
misleading . A perusal of the table of means (pp.
192-193) - suggests some interesting discrepencies..
The "Confidence in Mathematics " graph would lead
the leader to believe; that female confidence was
consistently lower. -In fact this was not the case
-~ 1in four of" the nine classés studied. Likewise, the
) Do . "Usefulnes$ of Mathematics" graph shows males con-
- sistently higher. Yet the means for females in e »
five of.the nine.classes are higher. As the author T
‘noted (p. 198), great differences in favor of ‘males -
. egpecially ‘on the affective variables occurred in
Area 3. These large discrepancies in one area ' .
‘could account for an snagcurateVpicture.-

(5) The high correfations between the students' con-
"« . fidence in mathematics and their perceived atti-
' tudes of parents and teachers toward them dg
learnérs of mathematics should provide hypgtheses
for further study.

.




+ FLOW CHARTS IN MATHEMATICS CLASSES FOR ELEMENTARY SCHOOL TEACHERS ‘
Ford, Janet E, and’ McLeod, Douglas B, Two-Year College Mathematics
Journal v8 nl, pplS 19 January 1977.- :

»
L]

Expanded Abstract and Analysis’Prepared Especially for I.M.E. by/Otto C.
Bassler, . George Peabody College for Teachers. .

1. ”Pugpose s o . -

>.T6 develop a unit on*flow charts and to determine its effectiveness
in helping teachers eXplain sote algorithms from arithmetic SRR

. * . ey . .' ) \ [ :
2. Ra.tionale. ' ‘ ) . '

Recent recommendations by séveral committees and mathematics &
‘educators have indicated that flow charts can be .a useful device in -
teaching mathematical concepts. One particular topic that'is suited"
to the use of flow charts is the development of algorithms in arithte-

" tic. It is conjectured that a unit on flow charts would be helpful to’
students as they identify steps in an algorithm as well as helping
them justify algorithms .

3.  Research Design arfd Procedure ,.
A unit of instruction was designed to teach flow charts and to
explain arithmetic algorithms-using flow charts, The development of
“the unit was accomplished by specifying the objectives, writing and .
sequencing instructignal activities to attain these objectives, and
revising and improving the unit based upon the results of three pilot
studies. : . o - . P
Twenty-four female students, enrolled in a first semegter mathe-
matics course for elementary teachers, were assigned at ramdom ta two
_treatment groups. The experimental group learned flow charts and then
used flow charts to study arithmetic algorithms. The control group
studied the same algorithms without using flow-charts, Both groups
used the same manipulative materials in instruction that emphasized
identifying the steps in algorithms and justifying algorithms. = Each:
of the two investigators was randomly assigned: three hours to teach
- each treatment group, resulting in a total of six ‘instructional periods
for each group. With the exception of the flow charts that were only
taught to the experimental group, the same algorithms, problems and"
.exercises were used in-both groups, s
- 7 .
Following the treatments both groups were given a post—test on
three algorithms--two of which had been discussed during "instruction
and one which had not been discussed in either treatment group. The
form of the test required students to complete five examples of the
algorithm, then to write a list of instructions for the algorithm,
and also to explain why their list of instructions produced the correct
answer. Two dependent variables, "list steps 'in algorithm" and "justify




//algorithm", were scored for each student's post-test. The max imum score

for each dependent variable was 12, four points for each of the three
,'/, algorithms. A brief attitude-toward-flow-charts questionnaire was also
administered to the subjects in the experimental group.

&, Findings

Means of post-test scores were compared using t-tests, The
results indicated that students who had studied flow charts performed
significantly better (p<.0l) on listing the steps involved; in algor-

- i1thms. Both groups performed at- about the same level on ‘justifying
algorithms. The mean score for each group was quite low when justi-~ -
fying algorithms--1,8 out of 12 for the experimental.group and 1.9 for
the control group. The results of the attitude survey indicated- Vo

) generally positite attitudes of the students in the experimental group

. toward flow charts.’ :

5. Interpretations <

3

. It was concluded that constructing flow charts did help students -

 glve a more complete listing, of the steps in an algorithm, This is, ’-

\interpreted to offer some support for the inference that-a unit on -
(flow charts can help prospective teachers do a better .job of explaining
how algorithms work. The superiority of the experimental group was due -
to the ability of these subjects to describe all of the cases of an
.algorithm whereas subjects in. the control group tended to use only one
problem as a basis for their list of instructions. Neither group did
well in justifying algorithms and it was concluded that flow charts do
not seem to help students explain- why algorithms give the. correct

answer.
\

. : ' Critical Commentary . T *

:
‘The unit on flow charts appeared to have been well. prepaﬁed follow-
ing an appropriate curriculum development .model, The authors lare to be
commended for revising the experimental treatment materials, b?sed on -
the re8ults of three pilot studiés. No indication was provided about
the. instructional program for the control subjects other than/it
developed the same algorithms dithout the use of flow charts. Perhaps
if the same curriculum development model had been applied to the control
treatment, the results would have been different. There is no way for
the reader to know the emphasis placed upon listing steps in the control
treatment. . : :

Both groups failed to achiéve the objective, "justify algorithms”,
since students in both treatments had low mean achievement ‘(about 157%)
on this measure. Achievement this low would tend to suppress any
differences that - ‘mightv exist between the treatments, If this was to

be one of the outcomes of instruction,vthen the curriculum development
A " ‘ e ‘ »
' iy

Voo K
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'model did notqachiéve its goal and the instructional materials need to
be analyzed and reyised

No indicatibn of the scoring scheme used to rate the dependent
variables was provided nor were any estimates of .test or rater relia- .

bility given. Thege conditions’ may have a substantial bearing on
the outcomes of the study, '

Pinally it seems hazardous to generalize from a significant ",
finding on listing the steps in an algorithm to dofng a better job
of explaining how algorithms work.

- . : T '
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INDEFINITE ‘GOALS . IN WELL STRUCTURED PROBLEMS. Greeno, James G, Psycho~-
logical Review v83 n6 pp479—491 November 1976. '\‘_'

Expanded Apstract and Analysis Prepared Especially for I, M 'E. by Pkﬁ! S.

~Be11 University of Chicago. . : . o

s ' . s

L Su o | ) e ‘ . |

P ~ . .

»

. Excellence in "problem solving" is often said to be one of the
central goals of school mathemétics teaching, ‘but we do not agree among
ourselyes about ‘what that phrase means. ''Problem solving" occupies
many researchers in psychology but there seems little reason now to .
revise a psychologist's judgment of over a decade ago that "Research in
human problem solving has a well-earned reputation for being the most
chaotic of all identifiable ‘categories of human learning" (Davis, 1966) .
Greeno's article uses school content as the vehicle for a problem~

- solving inquiry published in a well—known psychological journal, ‘Hence,
. it should be a good place to test the-actual overlap” between our concern
for teaching problem solving and the efforts of informatioh processing
theorists within- psychology to illuminate how human beings go about

_ problem solving. .. '

Information processing inquiries typically aim to sort out fairly
complex thinking processes by models that in concept or in actuality
can be simulated with computer programs (Newell and Simon, 1972), and
this article is in that .tradition. The main thrust of the article is
‘that open-ended or indefinite problem—solving goals or subgoals can
arise in otherwise "wall-structured" problems and not merely from the..
uncertainties of. 111-structured problems. Definition of the phrase _

"well structured problem" with careful use of "problem," "problem L
state,” "elements," ''relations," "operators,'. "problem goal,% and so
“om, takes up the first two pages of the article, along'with the foot-
note warning that even so 'there 1s no,general‘'definition of a well-
structured problem, nor should there be" (p> 479), There can, however,
be precise definition of some words, ‘for example" "I will say that a
- goal 1s indefinite when its description in disjunctive normal- form has
at least two terms consisting of single features or conjunctions and
when- each such term has one or more -features that are not present in
" other terms" (p. 480). .

Ne*t, by”having five high school students talk through‘geometry
problems such as the one exhibited
here, Greeno shows that it is typi- PM 1 QR
cal for students 'to go through an )

. information gathering stage (e.g., .P_ﬁbisectsé QPR
by marking the figure) without a . ' :
definite theorem in mind and only Prove:
then begin to select specific v Itfi& :
strategles. In three pages of dis- PQM T &<APRM

_ cussion this proé%sq 1s ‘established - .o
as an example of a ‘well-structured i

problem solved by generaéing indef-

inite subgoals. ) S : ¥y

[
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cOngruence proofs in gepmetry is described‘in some detail as a model for
indefinite subgoals used in solving well-structured problems. It is not__
“ possible to summarize that discussion Jbriefly, but those Famijiar with
such models 1in the {hformation processing literature can ‘get s flavor
from the flow chart fragment shown in the article. The problem _solving
consists of a. series of ‘passes through such a process, trying to fit
* what is known at each pass to SAS, ASA, AAS, or hypotenuse-leg, in that
order. If enough diredt information is "given'" in the problem as
"'stated, then the proof will _emerge during the first pass. If not, an
"infer congruent parts production routine is activated to. get, 1f-
possible, just one additional congruent pair of sides or angles to
work with, then the prmcess is scanned again, If there is still not a
solution, then "infer congruent parts" operates again, another pass -
1s tried; and so on. The routine as programmed leads, if at all, to a
8lngle unique solution, even though a human problem solver might readily
see several possibilities. It is clear:that the richness ‘and versitil=-
ity of the Yinfer congruent parts' routine pretty much determine how
complicated can be the problems handled by Perdix. Given .the purposes
of the present exposition, little detail is given about that routine
‘or Perdix more generally. Lacking such detail, one cannot tell if a
couple of ‘apparent flaws in the partial«flowchart given in the article
‘are real, miSprints,-or attended to in ways not explained here. -

" “In the next four :Eges a computer proéram (Perdix) for doing simple

The point, of course, is not to produce a computer program to do
proofs so that humans will not have to do them but rathér to try to v
model and thus tlluminate what might be actual human thinking processes,
The author “explains some ways in which he thinks Perdix proceeds just
as humans siight and some reasons to beliéve that the program models
use of indefinite goals in solving well-structured problems. There are
two pages of interest primarily to specialists where the features of
Perdix are compared to Ceneral Problem Solver . (GPS) computer. simula~
tions of human thinking -and to othet computer simulations of congruence
proofs, - The article.ends by making explicit the-central point of the
paper that. "The ease with which the theory of well-structured problems
can apparently be extended to accommodate indefinite goals seems
encouraging for the possibility that other: sources of uncertainty in
111-structured problems might also be - incorporated in-the theory of
well-structured problems" (p. 491). -

2. Commentarx'“

As I turn to comment, it must be understood that I have no doubt
about the worth and usefulness of the article for its primary audience
of psychologists. Given that, it is still worth exploring whether it
is equally useful to us. We seem often to assume. that we are somehow-

" remiss in not making direct use of the treasures of‘knowledge avail-
able from theoretical psychology models for the’ improvement of mathe-

‘matics education, ‘but our sense of guilt about that may not be
warranted ‘Whatever the potential of such relatively pure research
-and model building for eventually increased understanding, there may
still be serious and possibly fatal barriers to its direct application ’
within our field o

~

Y
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The first of these difficulties is simply in" communibation between
- the 1 wo fields, mathematics -education' and psychology On the one hand,;
only»those among mathefidtcs educators ‘who immediately resonate to the’
acronym g@ﬂ\and know about at least some of 'ACT, EPAM CLS, or PLANNER
will find this-article easily’ accessible, since ‘those acronyms and a
variety of other special terms and references are used without further
elaboration. On the other hdnd, the detailed explanations and protocol
-apparently needed to communicate to psychologists about how.youngsters .
‘may gd’about simple congruence proofs may seem trivial to anyone who

~ has taught a tenth-grade geometry course, That combination of obscurity
and triviality cannot be a criticism of this article--which might well

" have been given the opposite tilt if written for us instead of psychol~
ogistsf-but it does serve to illustrate: the communications problem,

Second, try as I might, T cannot see such.a’ program ‘as Perdix as
truly modeling human problém solving in attacking such proofs -as are
used as examples. A sensible tenth grader would, as the. protocol given
in the article indicates, s1mply mark on the figure the parts given as

_or easily shown to be congruient, look at that to see what ‘congruence
theorem applies, and then undertake to £111 in the details to make it
~.a respectable’ exposition He would not, as Perdix does, use only what ,
is directly given to check out methodlcally SAS, then ASA, et cetera,
and only then g6 looking for some single additional congruent pair in
order to go t ‘ough another series of triahgle congrutnce tests, - That

" is, I find it a.little far-fetched to say that "the system as pro-
grammed may be quite realistic for the problem of proving congruence *
of triangles™ (p. 488) where “realistic" apparently refers to how
humans actually attack such a problem, The trouble as I see .it is that
such a program as Perdix ultimately .comes down to an algorithmic
.process -for obtaining single solutions for a restricted range of
problems, while what we want to teach and what ,we want youngsters to

use are heuristic approaches that encompass‘multiple soldtions for a
broad range of problems. That algorithmic versus heuristic distinction
has been. neatly exptessed by L, N. Landa who. ‘has also demonstrated a - _
specific heuristic routine that resulted in remavkable gains in Russian
eighth graders' ability to prove geometry theorems (Landa, 1975), I
can no more . imagine the teaching of a Perdixallke ‘algorithm as a fruit-
ful means to similar gains thanm I can imagine a student hitting on a
Perdix-like routine as a "natural" approach.to doing geometric proofs.
Again, this article does not ‘'suggest Perdix as a gulde to instruction,
so the remarks above are intended only to emphasize the considerable
distance between such modeling of "problem solving'" and'the -direct
applicability to mathematies education. It should be said that the
v'information processing theorists are quite aware that problem 'solving
often _cannot be algorithmic and that some of their computer simula— :
tions’ attempt to model use of heuristic routines

Vi . 4

A third»and related barrier.to,application of such models is the
gap between the precise and ‘narrow limits‘thatFnust be impased to get
clean results and the broader range of cdncerns typical in school
instruction For example,: this article goes to some lengths to. define
. a "well structurgd problem" then works toward a lcertain extension ‘qof

ithe theory of such problems, But I find it al ttle discouraging to

5



~ learn that. the theory ‘has not already encompassed that extension, which
most teachers would .recognize as esseritial ewen in the relatively
" stylized pﬁeblem of putting together a.geometric proof

1 “ o

To close on a positive note, one admires the inventiveness that
.enables geometry problems.to be presented to computers in symbolic form
and solutions achieved by general routines such as those of Perdix.
More important, details of that may tell us something ‘useful ?bout how
our somewhat sloppy heuristics of extracting information from'diagrams
-could be enriched by exploiting our diagram labeling systems, say in
confusedly overlapping figures. (It is not clear in the article
whether Perdix can handle such "figures".) Some of that is already
done in many books’ now, but perhaps more could be done, Again, it may
'be that details about the “"infer congruent parts' routine would tell.
us something useful about how much information needs to be stored away .

- to support richness in that routine»f

»*

The. methodology of the inquiry itself can perhaps enrich our view

" of what is respectable in scholarly inquiry. Greeno has thought about
a category of problems, observed some youngsters| at work on-them, form
ulated a conception, produced a routine to test ut, and then-
reported the results with barely any empirical data and'no statistics’
-to speak of. At a more "practical" level, our profession abounds in
analogous ‘opportunities to soft out specific dinstructional problems
(not usually with computer routines),yet  the doctoral students who
produce .the ‘bulk of research literature seldom work in this way.
Perhaps psychological research can at least teach more of us;that =~ -
there is a wider‘range of ways to do scholarly work on instriction and
learning problems than is common in our field of mathematics education.

1
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'AfCOMéARﬁSON OE‘TWO APPROACHES - Td THE ASSESSMENT OF CONbITIONAL-REASONING
ABILITIES. .Jansson, L. C. Journal for Research in Mathematics Education,
v9 n3 ppl75 l88 May 1978.- S jv LG

"4

Expanded Abstract and. Analysis Prepared Especially for I. M“E by Larry
Sowder, Northern Illinois Un1versity L, g

1. i Purpose o - , ‘ ‘
' : ‘ ' . ’
To compare "adolescents" abilities to handle simple conditional -

arguments as measured by two different assessment procedures
‘ o

2. Rationale . L e -

Res rchers have used different instruments to assess conditional
reasoning, Do different instruments measure the same thing?

J ¢

-3. " Research Des;gn and Procedure 1

~

Subjects were l85 eighth graders, 140 tenth graders, and' 139 twelfth‘
graders, all in mathematics classes )

First Instrument: In group settings, each student’ received
randomly, one of two 32-item investigator-constructed tests of conditional
reasoning. These forms presented two premises and asked for a yes/no/may—
be response to the truth of a given conclusion. Each form contained
eight items based on each of these principles )(a) modus, ponens (if p
then q; p; ‘therefore q); (b) if p then q; g;- therefore p. (invalid), _
(c) 1if p then q; not p; therefore not q (invalid); and (d) modus tollens
(1f p then q; not q;:therefore not p). The forms differed in that one
involved items in which "at least part of one of the premises was contrary
to Qbservable fact'; the other involved concretg@ and.familiar content. <
Results from the two were lumped together, even though the form with the
‘concrete. familiar items was easier. Criterion for "masterx of a prin-
ciple was' 6 correct out of the 8 items for thé\principle

I3

A Second Instrument Four-card problems usually involve a given
conditional rule and cards which may or may not be compatible with the
rule. Here the rule 'was, "Whenever there is a number below the line;,
there is a letter above the line," and a letter, a numeral, an asterisk,
or a mask&d region was ‘in each.of the top and bottom halves of the cards.
Three four-card tasks made up the second instrument.. These involved
identification of correct domain for a masked top or bottom of a card,
identification of card(s) incompatible with the rule, and identification
of the half-masked cards which would test the rule. Criterion for mastery.
of a principle was carrect decisions on all threé cards which involved
the principle These tasks were administered by overhead projﬁitor dis—

plays, with answer's recorded on a special form. ' This instrume was

~
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given right After the writteﬂ test.ﬂ fh“ ~
“ . { . 'l" ' ' - '
“For each of the principles, the proportions wof students meeting
criterion on the two tests were compared within each’ grade and in toto.

« . . 5 \ .
. . 3 f N

. . . . L , . . : . . ) . \ ' . )
. . . , X - ~ . . . D N \ . C
4. Findinés' Co S~ : . C SN

. (a) The pr0portion of students meeting criterion on the writ en

test differed significantly from the proportion meeting \

C fcriterion on the four-card. instrument in aIl grade-by- N
R ~principle combinations except for modus,ponens with the, .
' 'twelfth graders (p.< 0.01 and in most cases.p < 0. 001) “\g :
(h) For the valid principles, modus ponens and ,modus tollens,

. the written test was easier. - For-the invalid patterns, the \\

four-card test was easier. : ‘ - :

o . ‘, N Y A
5. ‘Interpretations ' ‘;
](a) The written form of -am inference may lend 1tsélf to a for- ‘
- mally Iearned "algorithmic" tesponse, whereas a four-card
R task may call forth "native" ldgic.. Lo L‘

: (b) Concurrent validity for the two tests is not strong

o -

' -

: &
(c) Ordinary thought processes are not always consistent with-
-mathematical logic : J

-'Critical Commentary

¢ s

{a) The results of. this’study provide an excellent illustration of
the importance ‘of 'a researcher's choice of instruments. As the
 investigator points out, content .validity is no assurance of
“concurrent validity : :

B v

(b) One can always find (perhaps minor) points to. object to. Here
" are four. . ‘First, are comments on reliabilities not appropriate
. for the sort. of test used here? Second, the remark about the.
difference in performance on the two written versions was in-
triguing. - Putting the results together makes bne wonder how

well-planned the analys1s was. Some sort of correlational .
- analysis would Q‘emhho have been in orde?° Third, should the

written version have :asked ‘whether; the conclusion was true?
‘The: contrary-to-fact items might then be. particularly puzzling‘
to students. Finally, it would appear that thé criterion for '
mastery of a principle for the written-test versiom o« 6 -Qut
of 8 correct) was less stringent ‘than the criterion on the
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Lfour-card version (all 3 of the directly related instance : -
correct). -The investigator mentions the' arbitratiness of ‘
the criteria. - Qrie wonders. hod\greatly the results would . h
_‘have been atfected if some different criteria had been used.
: . . A\ .
. -(é) The author is4to be commendig for n0t commenting pn the v
S apparent difference from gr&de to grade. After all, since
- only the. stronger students may survive the natural selection
y- of mathematic stnﬁents from grade’'8 to grade 12, the twelfth’’
- graders very llkely were not comparable te the _groups from S
'.the earlier grades.-a . .

o : K .

v

‘.- 4

(@) As always it is appalling to read the results of such status’
~ studi@s--can't-our students,: especially twelfth®gpear: matheq

» . matics students reason any bettér than ‘that?! Jansson

B ©points out "that few studies_hive éxamined the effect of in-

. struction. We need such studtes, with ‘Penefrating-assesshents ;

‘ . of what we do teach. Can we teach more than logical algor-

' ithms? = Can we indeed improve "native" logic, supported as *'

v :'it is with everyday non—mathematicai’uses of logical congec-. -
tives’ ' o ¢

-
c.ee

~ " (e) - The author laudably examined several possible explanations
. -of the results. In reading the discuséion however, one keeps '
o wondering,-"Why didn't he talk to anﬁ’studenfs’" Even research- '
oo ers who look down on clinical studies: acknowledge tha't inter-
. .viewing students can provide potentially valuable data.. How:
. - firmly cogvinced were .students that their responses. were . correct?
e What sqrt-of algorithms do the students'‘use? (For example, mine’
o cancel" statements and combine what ‘i5; left at. the conclusion')
The apprdach to. determining student thinking is to ask them to .. -
explaim their responses; -Adi,. Karplus, and Lawson (l978) took
" such'an approach and arrived at categories which seem to: show a
developmental trend. : . . e
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- SHOULD SCIENCE BE USED TO TEACH MATHEMATICAL SKILLS? ~Kren, Sandra R.;

Huntsberger, John P. Journal of Research in Science Teaching, vl4 né6,
pp557-561, 1977. ' '

_: Expanded Abstract.and Analysis‘Prepared»Especially for I.M.E. by George
' W. Bright, Northern Illinois University. ' -

1. - Purpose : - S -

The purpose was to determine whether mathematicalfskills can be
acquired by presenting either (1) quantitative science exercises alone
‘or (2) science and.mathematics exercises concurrently,

2, Rationale
AN
‘A res onse to "demands to returmr to the basicsg” prompted an appli—
cation of the "several theories of transfer of training” to science
teaching in terms of the effects on mathematics achievement. - Integra-
tion of the curriculum 1is presented as one way to achieve transfer.
(It is not clear whether the references cited concerning attempts to
integrate science and mathematics are reports of research or exhorta-
tions to integrate 'mathematics and science. The common element
reported from these articles is‘the authofs' beliefs that mathematics
"and science should. be integrated ) The study was viewed as a, follow-
“up to a study by Kolb (1968) in which greater achievement of science
objectives was observed when a mathematics sequence preceded the
science exercises.

3. " Research Design and Procedure

The science'exercises‘were from Science: ' A Process Approach I
(prediction in various physical systems, and the measurement of angles).
The mathematics instruction was 1ecture—demonstration'based‘on a text-
book supplemented by a packet of worksheets '"to insure adequate
coverage" (interpretation and construction of linear graph3; measure-
ment and construction of angles) L

The 'treatments were (1) science, (2) mathematics and science con-
cJ&rently, (3) mathematics and- (4) control (pre—-and posttests only,
"with a 10-day lapse). The treatment lasted 'approximately 12 consec~-

utive school days." k,,>

Students were 161 fourth— and fifth-graders from eight classrooms., '

. "Three classrooms were randomly assigned to treatment groups and five '
classrooms volunteered for ope of the treatments used in the study '

lemphasis added] Distributlon of classrooms among the treatments was
not reported The experimental des1gn was a non—equivalent control

group design. o ‘&Ni;
. W o | ‘

’ o
YR

A &
::t.r;;f




Prior to. the treatment,Sectiops T and IT of the Kren Test were _
given. The test was administered again the fourth day after the e
‘treatment. Analysis of covariance, multiple range test, analysis of
variance, multiple classification analysis, correlation, and item
~ana1ysis frequency were used .

‘The Kren Test—Section-I is on measuring and.constructing angles;
the Kren Test-Section II is on interpreting and constructing linear *
graphs. Each seetion is 15 items; the total reliability was .93
~Content validity was endorsed by a panel of readers.

t

4. indings :

ANCOVA (the covariate is not clearly identified) was used on post—
\ test' scores to measure differences among groups. For each section of
the test, significant differences (p <.0l) are reported among the
".'reatment groups. The df for each F-statistic is given as (3 157).-
. ' S
Mathematics—only and mathematics—science—concurrently were
"equally effective" in teaching the material on angles, but science-
only was ''not an acceptable substitute." "Analysis of covariance was
used to analyze the data in order to adjust for initial difference
[among] the groups, which might h’ve been present due to varying
amounts ofyexposure to the prerequisite skills," The material on graphs
was taught with equal effectiveness via mathematics—only, science-only,
or mathematics—and—science—concurrently.~

ANOVA was used .on posttest scores to measure grade effect. A
" significant effect (p <501) was reported only for Section I, Since
.means are not reported, it is impossible to tell which grade scored
“higher, Also, the df for the.analysis is not reported.

For each section of the Kren Test, there was a positive correlatiom
" between pre- and posttest scores. . There was also a positive correlation
between Section I and Section II for the posttest only. Neither the
correlation nor the significance levels were reported.

Constructing angles was’harder at both grades than reading a
protractor or measuring an angle. No statistics are reported for
the multiple range test or the multiple classification analysis.

y

5. Interpretations ' _ B

The science activity on-prediction seems improperly placed. It
should be delayed. Further investigations of the effectiyeness of the
integration of science and mathematics should be undertaken. \

v
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< Critical Cémmentary .

-

\

Y .

- The study has obvious flaws. Of primary importance is ‘that since -
. classes were assigned to treatments (but not randomly)’ the unit of h
- analysis should be the class mean, The correct df for the ANCOVA and’
ANOVA are (3,4) and (1,6) respectively, It is impossible to te11
whether a reanalysis would result in any significant F—statistics.

The comments below are less critical.

~

. ',1.

‘test/posttest lapse 1Q days rather than 122 -

The rationale for investigating the "integration of the currice
ulum" as part of the transfer of training paradigm is not
clear.| It 1s, of course, one aspect of the learning environ-

~ ment, but thereris no juStification that it iszi‘critical

aSpect.- . . , *

Twelve consecutive school days is long enough to anticipate

‘some results, but the descriptikn is "approximately 12 days;

Were the treatments of different 1engths?

The nature of the use of the mathematics concepts in the
science instructional treatment should be explained. This
seems especlally important if we are to. learn to recognize
the kinds of integration of curricula that are effective,

What did the control group do for 10 days?. Why was the pre-

_ What‘was‘the distribution of grades-among the treatments?

The results .are reported in a confused way, Some are in the
discussion section but not the results section.’ .Results for
two analyses seem not to be reported at all,

. o
L 4 .

The F-statistics alone are impossible to interpret, Means

and multiple range test statistics are essential for the
interpretation

Differences in exposure to prerequisites'among the treatment

groups are cited as the cause for using ANCOVA to measure the
treatment effect. It seems logical that there would also be

differences in exposure to prerequisites between the grades.,

., Why wasn't ANCOVA (instead of ANOVA) used ‘to measure the

grade effect? - . . ~
@ . :

"As a whole, the study as reported lacks credence, The reader
cannot determine from the information provided whether science can
- in fact be used to teach mathematical skills.



DESCRIPTION AND _ASSESSMENT OF'DIFFERENT METHODS OF TEACHING ENGINEERING
STUDENTS MATHEMATICS. Macnab, D.; Mickasch, J. D.;' Georgi, W. :
International Journal of Mathematics Education in Science and Technology,
v8 n2, pp219—228y 1977 . > :

Expanded Abstract and Analysis Prepared Especially for I.M.E. by
Len Pikaart .Ohio University '

1

1. Porpose |

. The use of (l)htutorial-sessions and (é) computer exercise sessions
as part of the instructional procedures in a complex numbers course in a
technical collegk-are compared separately to the use of lectures only.

2. Rationale.. , - L - '._&

- Technical colleges or Fachhochschulen in West Germany offer four-
year engineering degrees. - The information explosion.in/the.recent. years
has caused a general shift from instruction composed of ''lectures, dis-
cussions, and exercises' to that consisting almost enfirely of lectures.
Using the results of a questionnaire to determine the| priorities of mathe-
matics topics taught in Fachhochschulen, the two altetnative. proceduresv
were developed in earlier projects for integral calculus and complex
numbers. Formative evaluations over a period of 1Y% years involving 600

_Btud——ts—iﬁ—l9—colleges—tndicated—tLat—tutor‘al—groupsrwererhigheruthan :
lecture groups in cognitive achievement and student satisfaction “with
the course and materials, but there was no significant differences’ be-
ftween tutorial and computer exercise groups (no comparison is mentioned
between computer exercise groups and lecture.groups) Close examination
of data in these earlier "studies indicated that students who had "the
lowest pre-instructlonal mathematics knowledge performed better in tuto-
rial and computer groups than in the lécture group.”" ) v

. R )
v >

3. Research Design and Procedure - : . : <
" Two separate éxperiments are reported. In both, students enrolled
in a complex numbers course were administered (1) an intelligence test, -
(2) a course entrance test (CET) desﬂgned to measure pre—instructional
mathematical knowledge", (3) a pre-test of>65 multiple-choice items,-
- and (4) a post-test identical to the pre-test. A derived criterion -
measure was defined, as: e o
: Performance p = Po§t-Pre .
. . Max-Pre .
where Pre and Post are defined as the number of items correct on the pre--
test "and post- test respectively. Max is 65, the maximum number of cor-
rect’ responses in the pre/post-test. Study of this measure, p, indicates
that it is a ratio of a gain score to the maximum possible gain for each
- student,-which is expressed as a percentage in the report.

©
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Students within a common CET group were assigned to one of three
instructignal methods: tutorial, computer, or‘*lecture., .Each group re-
ceived ten'instructional periods of 90 minutes. - Six of the periods were
tutorial sessions or computer sessions in the two associated groups and
the remaining ﬁour periods were lectures: All ten periods were lectures
for that group. The tutorial sessions’ were composed: of ‘about five stu-
dents and conducted by another student who was a yean more advanced, 3
The computer sessions were designed for two student’s at a single inte
active terminal with tutorial and drill-and-practiée programs written Lo
in APL. . . [ -~

/

[ . 2
N f

Both experiments used a treatment—by-levels design In experiment
1, the treatments were tutorial group and lecture ‘group whereas the

- levels .were high, average, and low groups classified by CET scores. In-
experiment 2 the treatments were computer group and lecture group but
the CET levels were high and low only, because the small ‘number of ter-
minals limited access to the computer. Twelve students were assigned
to each treatment withinreach CET level. “Thus ‘in experiment 1 there
were six treatment-by-level groups with a total of 72 students and in

- experiment 2 there were four treatment-by-level groups with a total of
48 students. ' The atthors state. that the mean for both treatment groups

© in a CET level were the same. : \

A Kruskal-Wallis one-way analysis of variance test was uséd for
comparisons of levgls within treatments and a Mann—Whitney U test was
used for all pairwise comparisons. A level of .05-was employed. for

—stgntfﬂ:ance.

o

~ 4.  Findings
Table'l is a listing of the mean performance index, p, as a per--
centage‘for'the tutorial and lecture groyps for the three groups of & ..
"CET levels. An asterisk (*) indicates éypairwise'significant difference,
but note that the difference between medns for high and low groups with-
1in the lecture treatment is also significant o
. N o ) |
A . - TABLE l
\ .

EXPER;MENT 1: MEAN PEREORMANCE INDEX MEANS FOR LECTURE

AND TUTORIAL BY CET GROUPS (N=72). . ~
‘ o . . CET Groups , ’
'\\ ‘High =~ - Average . Low
 Lecture\, .  64.8  * . 45,9 43.6
b ‘ * | *
S o o o : '
Tutorial .~ 62.6 S 54.2 53.2

N . . -

'fable_Z presents similar data for experiment.2. Treatments are

S | dls R | 26 :31,t



lecture and computer groups.. ' : L ; e

<.~ TABLE 2 .
EXPERIMENT 2: MEAN PERFORMANCE INDEX MEANS\FOR LECTURE
DR /AND GOMPUTER BY CET GROUPS' (N=48).

\ .

s .

C E T Groups : '\\
B > . High - . t&v o R
" Lecture . 58.3’\ . * - 41:%
. A *.
Computer 58.3 X 49.7
Spearman rank-order correlations between CET scores- and performance
scores for the various treatments ﬁpllow ‘ A
° B - . . .. . B ’ . . \\
Experiment 1 o : ‘,w; B o N \\
Lecture " . 0.57% AP o
. Tutorial = . - 032 3 ‘
o o : <o /
Experiment 2 o _
Lecture B 0.61% - '
Cdmpnter - 0.45% *significant correlation

5. Interpretations

I

The ‘authors interpret the results to indicate that the use of tuto-
orial sessions and computer sessions were more effective for students
with average or low CET scores than the use of lectures alone., For stu-
dents with high CET scqres, there appeared little difference in the use
_of the various treatments. The significance of the Spearman correlatipns
for lecture groups was taken to indicate that performance was "highly
dependent on pre-instructional behavior as measured by the course entrance.
test (CET)." This is ‘also the case for the computer group, but not for
‘the tutorial group. v

-

Critieal éommentary’

The major questiOn to be raiséd in reading this report is, what
effect did the definition: of the performance index, p (see sectian 3,
above), have upon the results of the study7' This derived measure is'

" non-standard and has potential to cause even ‘more havoc than a simple
change score. Associated with the use of the peculiar, criterion measure
18 a question about why the investigators did not select readily avail- .
‘able statistical models like analysis of covariance or a Lindquist

. Type I model (repeated measures). The conclusion of the authors about

* the superior effectiveness of tutorial and computer sessions, as part of
the course for- students with average or low CET scores .may be valid, but’
they are open to question until the criterion measure is defended.




COGNITIVE STYLE AND MATHEMATICS LEARNING: THE INTERACTION OF FIELD
INDEPENDENCE AND INSTRUCTIONAL TREATMENT IN NUMERATION’SYSTEMSw
Mcﬁeod' D. B.; Carpenter, T. P.; McCornack, R. L.; Skvarcius, Ry
Journal for Research in Mathematics Education, v9 n3 ppl63 ~174,
Mﬁy 1978. S

L

Expanded Abstract and Analysis Prepared Especially for I. M E. by Richard
‘E. Mayer, University of California

X
1.  Purpose .

The.general purpose was to investigate aptitude treatment inter—
actions (ATIs) in mathematics learning. In particular, the purpose was
to determine whether there is an interaction between- cognitive style
and the amount. of guidance given in instruction.

o
~

H2. Rationale

'~ Based on a careful review of the ATI literature, Cranbach and Snow
(1977) and others have suggested that alternative instructional tech-
niques should be tailored to the specific characteristics and aptitudes
of individual students. In their choice of an aptitude, the authors
used the dimension of "field dependence-independence" because it re-
presents a "rather stable trait" that has been related to mathematics -

llearning<in previous’ studies (Witkin, Moore, Goodenough and Cox, 1977).
‘In their choice of treatments, the authors, following Kilpatrick's
(1975) ‘suggestion, developed treatmerits relevant to mathematics educa-
tion and also relevant to the theory of field-dependency--namely the
‘amount of guidance and the presence or absence of concrete manlpulatable
objects. The main prediction is: students who score high in field
independence should perform best under minimum guidance while students
who score low in field 1ndependence should perform best under maximum
guidance \An additional prediction 1is: cognitive style and amount ‘of

- guidance may interact with the level of abstraction (i e., presence or

absence of: concrete objects). '

3. :Research Design and Procedure

. _;The:squects were 116 prospective elementary school teachers, with
81% being wonen. There were four treatment groups: (1) Min-M, minimum
guidance with manipulatives, (2) Min-S, minimum guldance with symbols
only and no manipulatives, (3)_Max—M maximum gridpnce with manipula- .
‘tives, (4) Max-S, maximum guidance with symbols‘omly. 'All subjects
learned the same information, namely how to addkggiysubtract in base .,
four -and base five under one of these four treatments. The manlpula—
tives were multi-base arithmetic blocks. Four dependent measures for .
each subject were taken following learning: (1) QS-Posttest: additlon,
subtraction, multiplication and division problems in base three, in
-which the:subject was not allowed to use the blocks; (2) QM-Posttest:

) S g
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addition, subtraction, multiplication and-division problems in base six,
in which. subjects were taught how and _encouraged to use the blocks; . p
(3) QS-Retention: ‘same as .above given four weeks later; (4) QM-Retention,'
same as above given four weeks later. The aptitude test was a version

of the Hidden Figures Test (HFT) and a pretest was also given that tested.
for general knowledge about non—base ten number systems,

4. Findings

: The regression coefficient for each treatment group was determined |
‘by relating score on the Hidden Figures Test (HFT) to adjusted score on
the dependent measure for each of the four dependent measures. For QS- -
Posttest,; the regression coefficients were .05,-.07, .l4,and -.05 for
Min-M, Max-M, Min-S and Max-S, respectively; for QM—Posttest, the corre-
sponding coefficients were .14, .02, .03, and -.23; for‘QS—Retention,'
.12, .03, .22, and -.08; for QM-Retention, .10, .07,” .09, and -.05. *-
Tests for interactions between amount of guidance and score on. the HFT .
were significant for QM-Posttest (p < .006) and QS-Retention (p < 029),
warginally significant for QS-Posttest (p < .092), aMd not significant Cf
for QM-Retention (p < ,222). The -only significant interaction -involving
abstractness and score on the HFT occéurred .for QM-Posttest (p < .012).

. T B ' ' 5

5. . ~Interpretations

.These results provide clear support for Witkin's hypothesis that
field independent subjects. 'should perform better if they are allowed to
_work independently while field dependent. subjects should perform better
. if they are given high levels of guidance. There were significant ATIs
for two of the four dependent measures, and the appropriate" trend was
present in the other two. - In general, the performance of maximum guld-
ance subjects was negatively related to how high they scored in field )
.independenceé while the performance of minimum guidance subjects was
positively related to how high they scored in field independence.
Apparently, level of abstraction was not an important factor in this
‘study. The results have implications for mathematics instructidn;
example, the fact that most mathematics textbooks provide high guidance
(and no manipulatives) suggests that they may be less effective for high
field- -independence students.

,  Critical Commentary'~'

' This study is a case example of how to perform a good ATI study

The authors shunned the 'shotgun" approach of throwing in many poss1b1e
aptitude measures and many treatments and seeing what ATIs come out.
Rather they carefully chose an aptitude (field dependence) and a.treat-
ment (amount of- guidance) that were theoretically related to one an-
other and to their task (mathematics). They offered a priori: predictions
based on established theories of cognitive style and discovery - They

-~
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tested the theories in a well-designed, clear study that’ wﬁb directly
‘related to mathematics instruction.. Finally, they analyzed and dis—
cussed the nature and importance of ‘the ATIs they obtained :

” Because the authors have basd their work on interesting theories
rather than dealing with ATIs on a purely empiricist level, their find~-
1ings have general implications for advancing both theory and instruction
The results are significant”because they confirm Cronbach & Snow' s
(1977) contention that ATIs exist, and that they cam be uncovered by
careful theory-based research. - Further, the results provide an inde-
pendent line of support for the existence of the dimension of field
dependency, and point to its relation to discovery instruction. The.
authors do not provide a detailed discussion of the implications for
mathematics education; however, in general ATIs are interpreted to mean
-that one method of instruction shduld be used for some students while
another method should be’ used for others. If discovery methods result
in broad learning, then an alternative 'strategy would be to provide
‘field-dependent learners with the needed tools to succeed at discovery,
for example, there,is some suggestion ig this Study that concrete ma-
nipulatable objects ‘may be an’aid in this case. Recent work on ATIs in
‘mathematics by Egan & Greeno: (1974) involving discovery makes a similar
point. . : ‘“

There are several additional, minor points that could be improved
in this paper. First, the reason for using '"levels of. abstraction! is
_ﬁot adequately presented nor are the predictions clearly justified.
"The discussion of the results involving this variable is also weak.’
Second, the data are heavily adjusted and analyzed that is certainly
not -a criticism, but it would also- be useful for the reader to see a
summary of the raw data. In addition to the useful regression tech-
niques, an alternative is to partition each treatment group into field
- independent, field dependent and neutral (based on HFT scores); then
the average posttest®scores could be given for\each of these three sub-
groups for each treatﬁent group

v

Referencei
"Egan, Dennis and Greeno, James G Theory of Rule Induction Knowledge
Acquired in Concept . Learning and Problem Solving “Knowledge and
Cognition. Potomac, Maryland: Gregg, 1974. . o :
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'THE EFFECTS OF INSTRUCTION IN SENTENTIAL LOGIC ON SELECTED ABILITIES OF  °
SECOND- AND ‘THIRD-GRADE CHILDREN. McGinty, Robert. Journal fofr Research
in Mathematics Education, v8 n2, pp88- 92 March 1977, '

-

Expanded Abstract and Analysis Prepared Especially for I. M.E by Helen
Adi ‘Northern Illinois University ) .

. I '
. 1. Purpose

"The main purpose of the study was to determine the effect of dif-
ferent types of instruction on second- and third-graders' ability to .
derive valid logical conclusions from vérbally expressed hypotheses..
The effects of the training were also compared in terms of the subject s

. performance on perceptual reasoning and classification tasks "

‘ ) ' . ) » - . ., “ ,’
2 Rationale ' e ' o

"The development of logical»reasoning abilities in elementary school
'children is of ¢oncern to mathematics educators. Children of ages 6 to
8 recognize valid logical conclusions derived from verbal premises (Hill,: -

961), but fewer children are able to test the logical necessity ok a
c0nclusion (0'Brien & Shaprio, 1968). Further research had also indi-
cated that elementary school children performed better on sentent al log—
ic when given specific instruction in logic . v :
How do different instructional treatments in logic compare in
of. second- and third-graders' performance on three different postteshs
of .sentential logic, perceptual reasoning; and classification tasks? An
attempt to.answer _such a question provided a pragmmatic rationale for\son‘/
‘‘ducting the study. No theoretlcally—based argument for choosing the: spe-
cifie instructional treatments. or the dependent measure Variables was pre-=
sented. N - g :
a2

» . ) . ’\'.1 v
T a2

AN

3! Research-Design and Procedure

B : - . . s

. A sample of 16 classes of secbnd— and third—grade students eight

at each grade level, was selected for'the study Each'class consisted

of approximately ‘25 students. - o . S St i
Four instructional treatments in logic were admiﬁistered to' inde—

pendent ‘groups of students. Two classes of each: grade level were ran-

domly assigned to each treatment. 40ne control group received no instrue-

tion in sentential logic, while the other three experimental groups re-.

‘celved instruction in logic using different sets of mdterials. The. samerﬁ

operations-of intersection, union,’ conjunction, disjunction,. negation,

‘and rules of inference were introduced An all three experimental treat— ;
ments : T PRI '

. pl."_'
Sk

- Sentential‘logic, perceptual reasoning;'and classification defined.




'

.the ‘dependent variables. Three posttest scores were obtained for each (-
measure. - Sentential logic was measured_by a 30-item test. The items T
‘could be correctly answered with "yes", '"no", or "maybe". Perceptuhl
reasoning was measured by a 30-item test adapted from Raven's Co}ored "
Progressive Matrices Test (1959).. Classification was measured by another ’
30-item test- from Raven's Classification Test (1970). g - i

A repeated measures design was used to analyze the data. ' Grades and;
treatments were fixed factors, and test .administrations defined the re-
pedted measure factor. The class mean was the unit of ardalysis. Thus,
a total sample size of 16 was equally distributed among eight cells.' '
4, findings . | . '. o R ' '
~— ey - ‘ . - L LI .

(a) For sentential logic, there were significant main N
- effects (p < .0l) of grade and treatment, and 'a - :
_significant interaction effect of -grade x treatment.
. (b) For perceptual reasoning, there were signifiqant
- main effects (p < .0l1) of grade and test adminis-
tration. - : o e o
~(c) For classification, there were significant madn _ L -
effects (p < .01) of grade,-treatment, and" test B
administration, and a significant: interaction,ef— - N *
fect (p < .01) of grade x text administration,ﬁikg o
:; ! - ‘ \J " » | ) .“H ‘ - ; :“' . ’.l'
5. Interpretations - v
- The interpretations of the.study were: U

e ) g . B UE

l.! .

(a) "Second and third grade children can have some
successy in answering certain ‘items from sentential
“logic when they are exposed to selected instructional
materials. L

° ...-’u'." ;
R i i

-+ (b) "Students retained the positive effects:of inStruc- Lo
T ution over a period of time (three weeks) ’ T
“ (¢) "Practice on items in sentential logic did ‘not seem : -
to increase test scores,: although practice on items” '
e in perceptual readning and classi
e to increase test scores."‘ Ee
N

S .t : fﬂ}le;; Critical Cofimentary

.

ca‘ion did seem'

>

Three different "typés of instruction" in sentential logic ‘were
sel%cted, and their effects on sentential logic, perceptual reasoning,
and classification were,compared The three '"types of instruction"

PRy . ) Lot . w
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“used Furth's (1970) logic materials, Dienes and Golding s (1966) ‘logic
materials, and'set theory: to explain the logic operations and principles.
However, no explicit conceptual reason was provided by the author to ex-
plain the selection of these "types of instruction". Along what varia- -

" bles did the treatments differ?. And how were these wvariables congrolled’
Is the fact that some of these treatments proved to "work out! with young-
er children. in previous research a sufficient theoretical reason for con-=.

. ducting another study’ Did. the author ihtend to,replicate, previous stud-

» ies? . ISR : CoL T . .o

-~ . . . -
[N . '

The study "attempted, to expand on (sic) previous results by compar-
'ing the performance of subjects assigned to three different treatments
DI three*different posttests” of’ sentential logic,’ .perceptual. reasoning,
-?andlclassification First, why were the selected abilities of senten- °
tial logic," perceptual reasoning, .and classification specifically chosen?

And second, why did the author expect the treatments to have differen- p
‘tial effects on.these selected abilities? It was left to the readers,tq@ '
provide possible answers to such questions - ‘\ Lff '3}1 Y

. Sentential logic abilities ﬂffseeond— and - third—grade children ‘were

measured by their performance on- &’ 30v1tem test. where: 'the items couid,be

- correctly answetred by "yES" "no" ,/or 'maybe”. quformance on such a. .
test does not represent “the abili®w of a person- to, reason logically.- * Rec-
ognition of valid conclusions is a different. capability from generating
these ‘conclusions. ‘A test-retest reliability of .69 simply means that-' :
the stude t,s may have been consistent in their .responses to spme degree.
Two students :may consistently and correctly, choose a correct "yes" re-
sponse for: different logical Justificationsb Such a hypothesis .is con-
firmed by reqent research on intellectual development

The design of the study calleé for analyses of variance with a re- *“ .
peated measures design. , Classes were randomly assigned. to, treatments,
-and thus’ dlass means‘were correctly considéred as the units of analysis.

' However, bhis reduced the sample size to 16, with n = 2 in 2ach cell.
The application of appropriate non—parametric tests may have been more
suitable .' .‘-»
'L e X \ : M - ;.' . .
-, What is the*contribution of the present work Eo fhe body of know-z
ledge on the teaching ‘and developmegt\of logic in young children? Al7
though the findings were not qualltatively‘ﬂifferent from previous re-
sults in the literature, this study may be considered by some as another
confirming evidence;that ‘teaching 'sentential 1ogic to second graders is
"possible, aﬁ* eﬁféﬁﬂive in terms of such selected abilities of children
as ‘classification.’s Don't We-expect our first graders to solve multiple
classification tasks correctly?. Db,we also have to teach our first
graders sentential logic? e

L
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“YHE RELATIONSHIP BETWEEN|THE.MATHEMATICAL STRUCTURE OF;EUCLIDEAN £
TRANSEOKMATION AND THE SPONTANEOUSLY DEVELOPED COGNITIVE -STRUCTURES OF :
YOUNG CHILDREN Moyer, John C.- Journal “for Research in Mathematics "

E&ucation, y9 n2, pp83-92, March l978 :

Expanded Abstract and Analysis Prepared Especially for I M E. by Jane-
‘ Swafford Northern Michigan University. o . . -
o \w - _ B L JG:,~ ;
‘ \'_ -. . _‘ I ot

R _,n_l’“r ase’:, R

The study sought to assess the compatibility of the mathematical

;_structureﬁ'of Euclidean transformation concepts and the ' spontaneously

' developed" cognitive ‘structures-of- children- ages 4 to 8 More specif-
ically, the study~addres§ed three questions.; ' S o

' ’,‘.

Al At

; a) Are children' _understanding of translations, re- . - o
“;gé flections,_andfrotations dependent on the presence -
o of explicit physical motions? B

“ & b) Are reflections easier for children '} ansla=.
P 'tions and rptations“ - .:‘;~.f‘*‘, I

c) Do children progress from using the topological _:;;
relation of "surreunded by red" to using relative- '
ly more complex projective and Euclidean relations?

‘2. Rationale ’ : &
i lf*—,a\— L R ' b

Since instructional programs are commonly based on the" mathematical
1_structure ‘of a concept, a delineation of the relationship. betwepn cogni-
k;tive.gnd mathematical structures would seem ko have profound implications
I for the development of effective curricula e

BecauSe isometries are also h0meomorphisms and translations and

] rotation are compositions of refkections, tépological relations and re-
¢ﬁflections can be considered as-m thematiaally primitive Alﬁhough :
l.Piaget haé qbserv%d that topologfical concepts develop First cogni;ively,

ﬂ previous’ resz?rch has fdund tha translation is easiest for children
¢ . \ é' A

R
N

. Research Design and Procedure

, Twenty—four children,Selected randomly from each- of grades pre-~q? o
school through third (Total-120) were tested The testing materials y;#ff

- consisted of pairs of transparent plastic circles. In.one set, thé ~
s were half red and half clear with a black diameter. Another set °

lear: except. for a black diameter with a thicker halfﬂdiameter

T Ve . "r.‘
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-{See. Figure 1.) Nine.tgsks'were ﬁiesehﬁed to 'each.child,’ The tasks .
correspond to the three Euclidean transformations under each’of threk
conditions: ; red ‘circles with motion (RM), clear cfrclesgﬁith,motion
(RM), ‘and red. circlés without ‘motion (RM). Within rade levels,-children
were randomlx.éésigned'to;different'task sequences." Instructions for -
‘each. task were presented by cassette tape and earphohes.” . ™

»In each task, tangent circles were placed before the child. In the °
motion tasks, the' appropriate transformation was demohstratéd by the ex-
perimenter. The child sap.asked to draw & dot on the right-hand circle -

- to corrgsponﬂ.tb‘the:oég made by the experimenter qn'thé.;eft-hand circle.
In tasks without motioft, no motion was demonstrated nor ?was;anyvmb;ion "

~made on. tape." B ~ ' - '

_l_ o R . - P ’ . o Sﬂ l ®
'4. " Findings : L A
| Children were écored.On*each of the ﬁine tasksias-foliows:
v oL S L. L. R
R N ‘0=i’)ot :‘!_n w'rpng ha]:f . > ';l | .»r - <y - A vb I- . .
.1 = Dot in correct haLf;:wronghquadrgnt N T T )
& 2 = Dot in correct quadrant, outside’ of tblerqncéﬁlimiﬁs
7+ '3 = Dot within_tblerance limits -.. ' ° LT S e
SR LR o _ Iy S
L o By s » - ,
l - S Ta ;/ T e 35 ‘id - ‘ ', v
(€ - « . . ; a ..
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W,
,Relative performance on pa;rs of tasks were compared : Subjécts were
classified as doing poorer, .the same, or better on one taskithan another.
"In most cases, grade levels were: ‘Combined. Chi-square statistics for 1x3
contingency tables. were used ‘to’ analyze the independence of these three -
classifications of students (poorer, same, better) and the variable of
interest. p s - , ; .
X , , A0 .w’ _

- Comparisons of the RM'and RM tag!s for each of the three trans-
formations indicate that only for rotations -is performance dependent on -
explicit demonstration of the motion. Comparisons of pairs of trans- .

~formations under each of the conditions RM, RM and RM indicate that - ﬂ
‘tranglations are no more difficult than reflections while rotations are ..
the most difficult. Comparisons of RM and RM tasks for each of the trans~.
formations - indicate that the effect of being surrounded by red does not
decrease with age. . B

. ;'.’,‘, /,..f

Examination of the’ distribution of the scoresﬁﬁy grade level shows

the frequency of higher ‘scores increasing with.grade ‘level, indicating -

the use of more complex projective and Euclidean relations with age.

It was noted also that grade level was related. to performance but
IQ was® not, although no data were cited.

5. Interpretations

With warmings that these resultsfshould be interpreted cautiously,
the author concluded that mathematical and cognitive structures do‘mot
always agree. In some .cases, mathematically primitive notions (topo-
logical relations) precede more complex ones. In other cases, children
are no more successful with mathematically primitive notions (reflec- -
tions) than more complex ones (translations). Hence, programs based on
mathematical structutes can only be considered as a starting point for
curriﬂulumidevelopment The author suggested thatifurther research
mighb indisate that the emphasis on motions 1is misp'“ ed. Furthermore,

hildreq might not classify transfofmations into th“ iistinct mathe-

.

nﬂmiical categories. ‘ K i

n_.., IS S

Cek

Critical éommentary'v

The study was carefully designed and’ executed. Whether it rep- e
resents more than an exercise in research methodology is debatable. [
Both its theoretical rationale and interpretations are suspect. Ny

Theoretically, there is a sense in‘ which both topological rela—
tions and neflections may be considered primitive. There 1is also a
sense in which they ‘may be considered more sophisticated. Furthermore,
the assumption that curriculum is often built ¢n primitive mathematiaal
structures can be challenged with counterexamples. In addition, since
controls were not exercised on the learning. environment and since grade’

Ny ;
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levels were combined in most cases udeithef “the "spontaneity" nor develop-
ment of the cognitive processes=wa5'in reality investigated

Di counting the th'dretical rationale, the study can stiIl be viewed
as a very careful, but restricted investigation of children's understand-
ing of Euclidean transformations. At the level of the three- specific
"questions raised, the study is of some interest. However, whatever its
;techniCaL merits, this study- cannot be construed to have’ enlightened the
underétanding of ‘the relationship between mathematical and cognitive

'structures’ nor to have any serious implication for. curriculum development
"1 -

It should be noted that the two circles used in each task were tan-
gent.  The flip task appears to be a: single figure with line symmetry.
The slide task did: not have far to slide. Under these circumstances,
even the hint that the current curriculum 'emphasis on the motion aspect
of motion geometry should be made advisedly seems presumptuous. Also,
it should be no surprise that the flip was at best only slightly harder’
than the slide. 1In fact, results of the RM tasks would suggest that
only with red cues were the slide and flip task comparable.

Finally, the expected values for each cell in the 1x3 contingency
tables were calculated on the assumption that each is equally likely.

But if each score (0,1,2,3,) is equally likely, then for any individual"
P (task A score < task B score) =P (A < B) = %% while P (task A score =
B score) = _%.; This correction does not modify the significance of the

Cht squareéll However, it does aff&ct the interpretation’ of the sources(s)
of the significance. Consequently, even the interpretations of the more
restrictive study must be made with caution. .
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THE DIFFERENCE IN LEVEL OF ANXIETY IN UNDERGRADUATE MATHEMATICS AND NON-
MATHEMATICS MAJORS. Ohlson, E, Lalonte; Mein, Lillian, Journal for
"Research in Mathematics Education, v8 nl, pp48—56 January 1977.

Expanded Abstract and AnaIysis Prepared Especially for I.M.E. by Marilyn.
N. Suydam, The Ohio State University. ‘

1. Purpose

The ‘study attempts "to determine whether a difference existed in
the degree of anxiety possessed by undergraduate mathematics majors, as
compared to undergraduate nonmathematics majors. A secondary purpose .
was to investigate the extent to which difference in sex influences the
degree of anxiety" of these two groups.

1
~

2. Rationale .
Previous studies dealing with anxlety have explored the need to
recognize the existence of anxiety in the classroom, anxiety in rela-
tion to testing conditions, the effect of anxiety and other emotional
factors on learning, and the relationship of anxiety to motivational
clues. "Although researchers seem to be in agreement that anxiety does
affect learning, there is a lack of agreement among researchers as to
the etiology of anxiety. Some studies have gone as far as to explore
the possible effects of anxiety on such nonbehavioral phenoména as
college grade point averages, intelligence, and task complexity,'" But
"there is a.lack of research relating anxiety level to various aca-
demic disciplines, particularly mathematics: Those studies dealing )
with mathematics have been mainly concerned with attitudes. The
present study, therefore,”" was conducted for the purposes stated
above,.

>

3; Reseafeh Design and Procedure

. The population consisted of the 11, 00Q undergraduate students
“enrolled spring quarter 1973 at the University of Northern Colorado.,
From this population, 124 nommathematics majors (80 female, 44 male)
and 67 mathematics majors (34 female, 33 male) were chosen randomly,
"Both groups were comparable in terms of 'major' requirements; because
a regression model was used to analyze the data, the proportionality
assumptién did not have,to be met. Therefore, maintaining an equal
number of students at egch academic level, major,™r sex was not
necessary." -

Anxiety, achievement, and aptitude were used as predictors 'since
the literature indicated that a relationship exists'" between them. Sex
was used as a predictor '"since the 1iterature review indicated both
sexes meed to be used in anxiety studies." The predictor variables-
follow. '
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Y ' anxiet;.scors ftom A«State subsc;!s sf STAI 7

i Xé : anxiety score from A-Trait subscaie'qf STAI

‘ ~X3 ‘ mathematics major (1 means yes, Q means no) o i
xa, . academic level (1 means freshman; 2, sophomore' etc, )
Xs ~ sex (1 means female, O means male) .
XG_' GPA from winter quarter 1973 (if student teaching that

quarter, fall quarter 1972 was used)

Xy ' cumulative GPA
X8~ "~ ACT mathematfcs standard score
'X9 ACT composite standard ‘score v .
X0 " classroom membership (1 means a student was in ‘a, mathe=

C ‘ matics class, 0 means a student was not in a
mathematics class) )

ST A R )

Both subscales (A-State, A~Trait) of the State~Trait Anxiety
‘Inventory (STAI) were administered to each § in "a classroom atmosphere,’
_Ward's multiple linear regression model was used to determine the con~
tribution of sets of the eleven predictor variables to the variability
of the criterion, A-State anxiety. Factor analysis (principal axis
~method, then varimax) was used to determine the groupings of the
predictors. Finally,'Restricted Models (the Full Model minus one
factor) were each tested against the Full Model, to determine the
. unique contribution of each factor to the system: "A large drop in
RSQ would indicate that the variables in the RM were making .a unique
contribution to the predictive efficiency of the criterion, A-State
anxiety. A small or zero drop Would indicate that the set is not
adding anything independently of the other variables. 1If the.drop is
not significant, then further testing of subsets of those variables
. 18 unnecessary. This is one reason for the hierarchical grouping."

4, findings
,Five'factors were determined: -

(a) Mathematics variables: mathematics major (3), class msmbef%5
~ghip (10), mathemat 'cs major x academic level (11)

(b) Achievement variables: sex (5), GPA last quarter (6),
‘ cumulative GPA (7) : oo

(c), Aptitudevvariables: ACT mathematics (8), ACT composite (9)
(d) 1Genera1 anxiety variable: A-Trait score (2)

(e) Academic level (4)

I3
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Intercorrelations were‘provided in Table 3, varimax rotation loadings
are in Table 4, and, from Tables 2 and 4, the predictor loadings on

factors were presented in Table 5, mable 6 shows the "schematic for

- regression models"; the RSQ for the Full Model (FM) compared with the

criterion (A-State score) was .4692 ReSults of testing each factor

" were:

\

5. Interpretations

" FM minus‘Factor_

1 4575
FM minus Factor 2 4640
FM minus Factor 3 4677
FM minus Factor 4 . 0567 - significant drop (a drop of .05
) is c0nsidered significant)

FM,minus‘Factor 5 _.4688

"The resulting statistical analysis led the investigators to con-
clude that- = . S

(a)

».(b)

mathematics majors are not more anxious than nonmathematics
majors as measured by the STAI '

anxiety levels of mathematics majors did not increase as.
their academic level increased from the freshman class
through the senior level :

being in-g mathematics classroom created no more anxiety than
being in a; nonmathematics classroom
,n'_-’! 'u,"' *

the Sex, current GPA, and cumulative GPA variables did not

; cqntribute to the predictibn of A-State anxiety

- rr T
"‘O"~" \. ’ . . . l

general anxiety scores’ (AéTrait) can be used to predict
specific anxiety scores (A-State)."

‘In discussing these various conclusions the authofs state:

‘(a)

"Perhaps the fact that a student is a mathematics major
*implies that he has had some success in the area. and there-
-fore, felt no more anxious in a mathematics class than in
any other class, . . . But what about the anxiety level of
nonmathematics majors in mathematics classes? . , . . there
appeared to be no difference.in anxiety levels for different
classroom situations. ., .. Another explanation might be that

' stressful conditions are necessary to produce significant

anxiety levels in’ mathematics majors. . . . Without evalua-
tion, one classroom situation may be just like any other
classropm -atmosphere and, therefore, no measurable difference
in the anxiety levels of students exist, Before we can really

conclude that mathematics does not create anxiety in students,
we need to explore these other possible suggestions.

re . "
A . i
P : S .
'
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(b) "Perhdps for sex differences to be noted in an anxiety study, .
there must be’ imposed threat of some kind ., . involving pain ~
.and physical danger.' a ' - '
(c) "One explanatiOn for finding that GPAs of students are appar-
v ently independent of their anxiety levels might be (that)
'perhaps for attitudes to interact with achievement they have -
to be extreme, and extreme attitudes ., ., ., may be rarer than :
is_commonly thought'." : S Sy

cat
¥
[
o8

) 1";~. . the students are quite successful in their achievement.
This could imply that successful students are. nonanxious
students, . . . Evidently these students have enough confi—
dence’ to do well, regardless ‘of their’ anxiety level M

.

The auchors summarize the report by querying whether ﬂislike, fear,

or anxiety are directed toward mathematics or toward the classroom atmos~

phere. Of the variahles tested, only general anxiety had any significant

predictive efficiency. More research is needed. .

”

L.

-

';..'_ ' .?' ' " Critical Commentary

"This report might be titled' "The Report fhat Leaves One Wondering,
If Not Anxious." It leaves one wondering what the words mean, what the .-
purpose was, what might be missing, and how it came to be acCepted by :
reviewers for publication in a reputable journal, One even suspects a
- hoax. Three other reviewers refused to review the report. One said:

"I tried to abstract the article. However, it is. so
. poorly written, designed, and thought through, I have .
' decided it fs not worth my time to review or I,M.E,'s share. .
to-include. It is research gobbledy—gook at .its worst., How
did it get in JRME?" S _

E Anotherhreviewer‘said: | .o
"I have to agree (with the two previous reviewers)--this

may be the mogt confused article I have seen in JRME. It is
pure gobbledegook! I do not see how it survived review'"

There were moments when I wondered whether the principle that allAgarti-
cles could be reviewed for I.M.E. was really valid! »

The review of previous literature may be the clearest portion of
the report. The authors cite studies by psychologists, but are unaware .
~ of any previous research on anxiety in mathematics' (although they do .
cite a study later). They ‘noted Aiken's review on attitudes, but
apparently failed to locate Aiken (1970) or Aiken (1976),

»

When one discards unwarranted jargon, reorganizes paragraphs, and
. 1gnores nonsensical statements (or, at least, statements which do not
- seem to fit into’ the context), one finally realizes that this is a’

f w48




. study of ‘general anxiéty, not anxiety toward mathematics. The sample
consists of mathematics majors and nonmathematics majors who are either
taking or not taking a mathematics course. The same sample could have-

" been-divided into,English majors and non-English majors who-are either
taking or not taking an English course--or a mathematics course. But

knowing that doesn't resolve some of the questions that occur about the
‘sample, such as why they selected a sample with such a disparity in the

. number of males and females in the ‘two groups (the nomnmathematics groups .
is predominantly female), or why: there was a disparity in the size of
the two groups in fhe first place- (the nonmathematics group is almost
‘twice as large as the mathematics ‘group). One suspects that, after
randomly selecting the sample, they looked to see what they had, but

this 1s not stated.

2 "

,,,n.
.Y

., The STAI was administered in "a classroom atmosphere," What
ciéﬁ oom? Under what conditions? Were those taking mathematics. in
a makhematics classroom? It would seem imperative to know the condi~ -
. tions under which’ an anxiety measure was administered.' ""Classroom '
atmosphere conveys virtually nothing.

[N

One really wonders if two articles became mixed up~~pages 50-52,

0 explaining the factor analysis and regression analysis, seem to come
“from another manuscript, The authors test. for anxiety, report a
factor analysis and perform some subtractions of variable effects,
and conclude that one group of subjects differs from another; -How .
they made the leap is totally. unclear. No analysis is reported of
data -comparing mathematics and” nOnmathematics majors; there is
insufficient information given td: ‘guide the reader to make the leap.
Many things are ppssible with regression. analysis--buty readers are
rightfully very wary of believing that regression resolves all
questions. _ o,

Credibility is further weakened by the discussion, where some of
the statements seem.to be plain nonsense, They have assembled a
random collection of quotations about programmed materials without
~ teacher threat, evaluation, and.so on, and combined them with their
‘own biases, Moreover, the researchers confuse anxiety and attitudes
in the discussion: they seem unaware that the two constructs differ-—
and, that the- STAI was not asseSsing attitudes per se, '
Given ‘the explanation in the report, their conclusiOnd éannot be
accepted: the researchers. failed to communicate. Anxiety" about:
mathematics will not go away by saying that theré- 1s no anxietyn
present,

4 L] £
: . ot e :
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'INTERACTIVE EFFECTS OF PRIOR MATHEMATICS PREPARATION AND LEVEL OF INSTRUC-

TIONAL SUPPORT IN COLLEGE CALCULUS. Pasearella,; Ernest T. American -
Bducational Research Journal,'vlS n2, pp275-285, Spring 1978. (a)

STUDENT MOTIVATION AS A DIFFERENTIAL PREDICTOR OF COURSE OUTCOMES IN
PERSONALIZED SYSTEM OF INSTRUCTION AND CONVENTIONAL INSTRUCTIONAL
METHODS. Pascarella, Ernest T. Journal of Educational Research, v7/1nl,

v.pp21-%\-'January 1977. (b)

INTERACTION OF MOTIVATION MATHEMATICS . PREPARATION AND. INSTRUCTIONAL

METHOD IN A PSI AND CONVENTIONALLY TAUGHT CALCULUS COURSE. Pascarella,
Ernest T. Audio Visual Communication Review, v25 nl, pp25-41. (c)

Expanded Abstract and Analysis Prepared Especially for .M.E;'by James W.
Wilson,  University Tf Georgila. :

i ! '

i

1. Purpose vy

The purpose iL all three studies was to compare Personalized System
of Instruction (PSI) and conventional (lecturé) instruction in an intro-
ductory calculus cpurse, and to search for interactions of method with
prior_mathematics.preparation and/or motivation. :

o o

+

The PSI is a highly structured, self—paced program in this Syracuse

- University calculus course. It was hypothesized that students with rela-

tively low mathematical preparation would achieve better with the high
instructional support condition of PSI than with the low instructional
support lecture condition whereas highly prepared mathematics students
would achieve equally wéll under the two instructional conditions. -

- Similarly the self-posed PSI should benefit the highly motivated student"
~over the less motivated, whereas the lecture would not. .

3. Research Design and Proeedure ’7

_ All three studies used students from the first calculus course of a
four—cdurse sequence at Syracuse University. In study (a) there were 60
PSI students and 188 lecture students; studies (b) and (c) each used 47
PSI students and 47 lecture students randomly selected from the respec—~
tive groups._

-A pre-post non—equivalent control group design was used in each
study and the same set of variables was measured:t a mathematics place-
ment examination to measure previous mathematics preparation, the Stern
Activities Index personality ‘inventory (including a measure of motiva-

tion), and a 132-point, eight-question end-df~semester examination.

Study (b) also reported an attitude measure for an additional dependent
variable :




i Studies (a) and (b) were analyzed using multiple regression agaly-
sis} study (c) was analyzed with a 3 (levels of mathematics preparation) -
X 3l(levels of motivation) X 2 (instructional treatments) factorial
design uSing a- least squares analysis of variance. Regions of non-
significance were determined in (a) and (b) by the Johnson—Neyman tech-
nique. . ) ( . oo

An interaction of level of preparation and instructional méthod was
found in (a) and (c). In each case the PST instruction produced achieve-

.ment at about the same level for low, medium, or high prior mathematics
preparation : b

* An interaction of level of motivation and instructional motivation
vas found in (b) and (c). Students with high motivation in PSI instruc-'
tion tended to perform better than those with low motivation level.

Under the lecture condition, motivation level was unrelated to achieve—,
ment. A similar interaction was found for the attitude measure in (b).

There was a main effect for instructional method in all three
studies with the PSI method leading to higher achievement.

5. InterpretatiOnS'

The higher- performance with PSI methods should be interpreted in
- 1ight of the interaction effects. That is, students who benefit most
from the PSI instruction may have certain aptitudes (relatively low
prior mathematics preparatiOn) or traits (high motivation).

-

o Critical Commentary . .

v . o | 3

)

ot vy

“These studies are technically well-done and carefully reported.
The author 1s very cautious in discussing the results and candidly
remarks on the limitations of the design. For example, the non-
experimental'design is a serious weakness, but it was dictated by the
available instructional setting and :the author provides information’
directed to the sources of invalidity of such a design.

The reportSAfailed to,present any analysis of the range of content,
covered under either treatment. The PSI students were self-paced and
could have covered more material than the lecture group, ‘Some analysis
of the coverage of material in the treatments and in the eight—question
132—point examination 1is essential for understanding the results. )

NOne of these articles indicates a date for the study. The mathe-
‘matics” placement examination was available in 1972 and all three studies
were repoyted by early 1977 (study (a) was presented at the 1977 AERA
Annual Meeting). There is no reference to the other two studies in any




"of the reports. Hence, what we have is not a program of studies, one
building on the other, nor: replications, but rather the same study
repeated, or reported three times,

Finally, “the problem is of interest primarily“'”
- ing and evaluafion of the particular application o
instruction at Syracuse. The results may ‘not gei
applications of PSI and to other; contrasts of. mefhod;ﬁ
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»ﬂrEM}HERS' ' PRINCIPALS' A, UNIVERSITY FACULTIES VIEWS bF MATHFMAT cs

. LEARNING AND INSTRUCTIQN AS MEASURED BY A MATHEMATICS I§YENTORY Pdst,
Thomas R.; Ward, William H. “Jr. ; Willson, Victor L. Journal for -Research

in Mathematics EducaEion, v8 nS5, pp332—344 November l977 :?" 'T'

‘6

.,Expanded Abstract and Analysis Prepared Especially for I. M E. by Marilyn

J. Zweng, UniVersity of Towva.

1., Purpose - . . o . o : -

The intent of this study was thdetermine if mathematics teachers, 8

: secondary school principals, and” uniV°rsity mathematics eddcators ‘have
. the same or dissimilar views about methods of. teachiug mathematics %rals

of mathematics instructidn, and other educational issués specific to mathe-
matiés learning and teaching. The attitudes of all. three groups Were .

;asseésed by the same 30 item questionnaire.

PR

{2. 1Rationale ptf;f

B SOPRELIRK . &
Voo ege e !

In a prior examination of the data for teachers and principals (the'
same data utilized in this study exclusive of the‘d&ta from universiCy

4'educators),.the '30 items of the questionnaire had been sorted into seven

factogg (1) Flexibili 5“(2) Mathematics as a Process; (3) Teacher Con- :
cern £r Student, (4) VQC%tional Satisfactton, (5) anrigid Practices, ' ~

- (6) Attitude Toward Teaching, and (7) Higher Ordér Concerns. The analy-

" 80 overall and item-by—item comparisons only were examined

ses suggested principal-teacher differences. for two of "the factors, Teach-
er Concern for Student and Higher Order Concerns. Because university
mathematics educators are a population whose attitudes toward mathematics
instruction are also of interest, - the originalwintent of this study was
to sample their responses, to the sanie questioﬁnaire and compare. their .\
attitudes with respect to the seven factors to Ehos$~a£ the other two
groups. It was not’ possible to sort the items into: ‘the seven subsets

when the university»educators‘responses were incorporated in the data

+ o F

3. Researchgpesign and Procedure .

,.‘.V
--A B

"~ The Questionnaire. Principals (p),/mathematics téachers (t), and
college and university level mathematics educators (u) were asked to re-
spond " to the same 30-item inventory entitled, "The Mathematics Inventory
for Teacher (MIT)." (The inventory is included as an appendix to the

‘Journal article.) Each item of the. inventory is a statemenww”bout some
‘aspect of mathematics teaching, the nature‘of mathematics;" thékgoals of

o

.Jrathematics instruction, or some other professional attitude.  For ex=—: = .

f,ample, in Item 1 the subject 1is asked to react tq the.statement, "The

field of Jnathematics consists’ primarily of procedures and formulas which
are usedy in .many occupations and in everyday experiences Item 10 states
"1 regglarly (at least oncée a’week) inform my students .of the learning
progress "they are making by giving’ assigniments, quizzes, or tests." A
four-point scale was provided . for response to each item: (l) strongly

v
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agree, (2) agree, (3) disagree, (4) strongly disagree Undversity educa»
‘ tors and prinddpals were asked to respond ;to the: MIT "as you would expect
the ideal mat] maticB teacher to answer‘the items o

“-" ' The Sample. Complete MIT dath'were available from 160 principals,
199 teachers, .and 117 éollese and university” level mathematics ‘éducators.

.. The secondary school princlgals were: randomly selected from,. CaIifornia,
Hichigan,vand ‘Indiana. In all;-222. principals‘were asked:‘to’ participate
Thesé. principals were then' asked to select randomly oné’ mathématics teach-
er from their fdculty for./the] study. ‘A, total of 200 university level
mathematicsneducators were, randomly selected, by geographic region, from
the mailing list of the NCETM's Bulletin for Leaders. Since most ,teachers
and prineipals occurred i the data as matched pairs, the teacher and
principal responses could not be aSSumed to be independent However ,
very- low correlations were found to: xist between the: two groups' responses
for almost all of the 30 items, 80 it was felt that teachers and pninci- .
pals could be treated as if ‘they were independent groups ’ : '

_ Multivariate,analysis of variance procedures were used to test Qhal—'
Aty of the meanspamonglthe three groups overall for.the 30 items, and

each pairwise contrasf (p =ty pi= u, € - u). Differences were- found to ,'
-exist overall and’ between each of “the. three pairs with P, < .01 in eadh
instance. "An item-by-item analysis revealed that .a differencé between :
principals’ and teachers' ‘means ‘existed .for 10 out: of‘the 30 items,'a*'i“~f
-difference between principals and university educators‘ attitudes oc—;'““'
curred for 23 items,.and the differences between the means aof teachers '
and’ university educators scores -were. significant for lQ of the 30 items

There was - agreement" among the three groups on only five itemsf L

.
4 ‘Q #

- 5. Interprgtétions \

Ny
The analyses of the data revealed largeéscale discrepancies among o
= the three groups. The greatest divergence in atteltudes. about mathematical"
instrqction occurred between: principals ~and university éducators Second .
in order was/the difference in attitude between mathematics ,teachers and"
university educators. - The smallest discrepancy .was between. "teachers and
principals, but these two groups,'nevertheless, exhibited differences of
opinions .on one-third of the items. An extensive discussion of these .
differences and - possible explanations are" provided in the article
RV

¢ e

\ bt . C ’ : 0: N
Critiqal Commentary s

_ The results of this study are certainly not surprising ' They merely
substantiate the widespread belief that "ivory tower" university educa= ; '
tors: hold: idealistic views which are far-removed from the real world of
the c1assroom.. Since the results agree with commonly held assumptions,

this would probably have been the sum and Substance of~this abstractor s
\. ' . . .. ‘o ) '._'” “
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comments-- if. the study had been reported -as. most ‘are-- with tables of F-*
ratios, t-ratios, andxcorrelations, but no.raw data.’ However, the au- .
“thors’, most commendably, included an appendix which contained all 30 items
on.the inventory and the mean scores for each of .the three groups for eacha
iteti-- a wealth of information, and a tremendous temptation for one ‘who ‘
views "playing with data" as a leisure-time game ﬁfﬁ;’”

,.- ° e
It appears to the abstractor that the Variable which the investiga-~
tors studied was intensitx of attitude since the values of the mean scores’
(the fociis: of the analysi$): indicate, -whether a group agreed slightly or o

*strongly, ‘or. -disagreed slightly or strongly with a:.position. An examina—:,
“tion of the.data from’ another perspective suggested that it might be in- ;-

7Iteresting to look, inStead, at priorities of attitudes For example, the .
researchers' analysis. of the mean, scores. for Item 8 (principals—— 1.35, ‘
!Jteachers-- 1.38 and - university educators-- 1. 17) ‘showed a significant .f;_

;Ldifferenée between university educators and’ eaph of -theé ‘other two groups -

';for this item, but tall" three groups gave Item 8 their, lowest score (thus -
,‘agreed most strongly with this 1tem) ~In terms of ranking, each group
had placed: this item in identically’ the same position Could it be that
priorities are the same for all three groups; but ome!group "simply - takes
a stronger position° To answer this question, the 3Q items were.rank

-‘ordered from"most strOngly agree!. to 'most. s%rongly-digagree" for all :

“three groups,with the. resulfs ‘shown', in Table 1. Table 1l lends upport o
to-the contention that “the- three groups variedrin the strength f their _
‘responses. The first observation is that "the: range of- scorbs for matheh'f

- matics edutators (1.17 to 3. 48) is considerably greater .than the range
of scores for. the other two groups. The‘heutral point, which i572.5 §g -

the MIT's. four point scale, is’ also of. interest.; Examining the interv s
"(2 25,2, 75) ‘it can be observed that for _principals, theré are six MIT e
"items having means scores 1in this’ range, for teachers, eight'items had .
meah scores in the" range; ‘but “for mathematics educators, .onlytwo items et
have mean'scores between 2.25 and 2.75.. Together, these observations '
tend to suggest’ that un1versity educators takea more polarizediposition.J“r
gthan‘principals and teacher, but they .do® not necessarily imply that uni~*
v' afty educdtors have different priqrities.. SR

: S "ﬂ. R RETUPRIR
s .“L In order o aqswer the question about priorities of the three R
'ﬁgroups, Table 2\ was. developed in whiah the ranking.of each item for :5'73-.

‘‘edch of the’ three groups 1is’ displayed Tied ranks were assigned the'

average rank ‘which: the 'two scores occupied, ag ‘is. gonventional practiCe :

Spearman s. Coefficient -of Rank Correlation, p, was computed for_ each pair

.of comparisons "The - coefficient of correlatdion. betweenqthe principals

and teachers attitudes 18 -.96; between principals and- university*educa—

i tors, . 91; and. between teachers and university -edygdtors, ., 93 'These

» ¢oefficients are so close to-1 that no further -analyeis was’ carqied ‘out.

It appears safe to say:  that teachersa principals, and: university educa—

tors have the’same priorities with respect ‘to attitudes ‘and beliefs about

mathematics instruction R --'ﬁ's-°;--° o .

Whom should the reader believe\ the researchers or the abstractor?
It all depends. . If you feel:that the value of the - -scores, chat is, the

intensity of "feeling,@_tells the sgory about the three groups yiews of .
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- you. believe that the ranking of
' three groups, is the more valid indicator. of their views of. inst¥uction,
"then the abstractor s conclusion is the one to which you will subscribe.

'.mthematics ins,truction, then the researchers conc1usion that.“\ihe three
- groups have widely differing views " should be upheld

.
BN

If on the otHer hand.
the scores, that is, the'priorities of the .'_

v

) kS
L. Tdble 1, oy '
L . o o . L v
ot Rank Ordering of 30 MIT)];te’mg.-,‘ » R / .
- " KEREET)
L -’ . A . : N ‘- M‘:‘L ' n 9‘
Co L - - L University' rip .
) . Principal Teacher ; Educatoﬁ' "f ;
\ | ' - 4»-4 3 .
Rank . Item b(an ';‘ Item .Mean Lo "Item* Me@n B
. ’ Number Score " Number Scote * ° Nurber Score
1. 8 - .1.35 .8 . 1.38 8 1417 -
C2, - c22'% 138 22 140 711, o 1.24 .
'3. . 5. 77 1.4 4 1.4% -4 1.36 ,
407 200 1:46 - 2 1.47 .5 1.37 '
5. 11 1.49 5 +1.48° . " 32 1.44 ,
. 64 30 '1.57 11 1,56 28 l.48 -~
7. 4 1.61 .28 - 1.60. # 79. .1. 50.
8. 28 1.64, 19 1.65, 13 7 1351 -,
9. .16 ' 'L.67. 10 1.65 . . 21: . 1,52, ‘ ,
10. 12 1.91 .13 1.66 4 .2 1. 80 s
11, 119 0 1.74 | 12 1.76 . 16 1.83 .
"12. . 513 . . 1475 '\16 (177 - 30 1.83°°
13.. 10 ' 1,78 21 .1.86 . 12, 1.93 .
. 14 21 2.05-. 30 '1.87 .. - 10 - ' 1.97 ' .
# 15, - 1. 2,20 L. 2.39 _ 29 % 289 0
"M16.7, - 24 710 ,2.36 0 - 24 U 2.41 6. 2.74 5
S 17. 29 4.5, 6 2,42 23 - ‘2,78
. 18. 6 . 2.49 P 17 - 249 15 ' 2.84 .,
19.- . - 17 '2.52 515 $2.50. 7 . 247 "2.88° - Y ¢
20. ', 23 "2.56 “29ﬂ~-h_2.57; 25 2.91 - T .
2l.- 15 " -2.,73 25 . -2.69 17 2.97
S22, 3. 2.76.. 23 2,71+~ 1 3,06 :
'23; . 26.  2.86 27,293 3 7 .3.16 .
2. 9 2.88 .3 2199 .7 27 '3.210 ¢
25. 725 %©.89 26  3.01 07, 13032
v 26. 14 2.97 ' 9 - 3.15 18 *3.3¢ . ‘¢
- 27,7 27 2,99 18  .3.18 .20 3,357
28. 18 3.14 14 ;3.21 - 3.46 .
29, S0 3,23, 77 3320 014 3,48 o
."30. 20 3.35° 20 .73.42 , 26 3.48
- v '/:.‘?"‘ . ] ' . ‘e ) -'k §
s ' | -;54“\ N /'_: i ' .
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Differences Between gankir;gs of 30 MIT Items D :,
L | University - L o | o :
Ttem  Principals' Teachers' S PR PR EETRRY:
'Nungber : ‘Ranking  Ranking °Ei2§i::;s £ T, ‘.(rp rt) rl)"ru (rP l E I .(rt ru)
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THE EFFECT OF COMPUTER UTTLIZATION ON THE ACHIEVEMENT AND ATTITUDES OF
NINTH-GRADE MATHEMATICS STUDENTS. Robitaille, David F.; Sherrill, James
M.; Kaufman, David M. ' Journal for Research in Mathematics Education,
v8 nl, pp26 -32, January 1977 : :

Expanded Abstract and Analysis Prepared Especially for I. M E. by Jane
D. Gawronski, San Diego County Depaxtment of Education.

1. Purgose , T , . w

This study was conducted to investigate the effect of computer use
on student achievement in and attitude toward secondary school mathe-
matics :

2. . Rationale '_ : .

‘Computer-augmented mathematics programs have been proposed as a
way to increase. student achievement in mathematics. However, previous
‘studies have produced conflicting results. Similarly, there is con-
flicting evidence cgncerning the impact of computer use of stidents'
attitudes toward mathematics.

Vo X .
nd . [

3. ~ Research Design and Procedure
— . . - o

Three ninth-grade algebra classes in each of two Vancouver, British
Columbia, high schools participated in this evaluation. One school
(School A): participated in a four-month -study and the other school
(School B) in a nine-month study. In each school there was a class that
used the computer for the entire evaluation period, a class that used
the computer during the first third of the evaluation perlod, and a =
class that did not use the computer at all. The. three classes in each )
school studied the same content using a "contemporary algebra text."

BASIC was taught to the computer groups and orograms on algebraic topics
were assigned. ' :

. " The Cooperative School and Abllity Test (SCAT). Ser1es II Form 3A§
was used as a ‘pretest to measure students' verbal and mathematical abil-
‘ities. The Ideas and Preference Test (Form 9151), developed for use in
the National Longitudinal Study of Mathematical Ability (NLSMA) was used,
to obtain both a pretest and a posttest measure of students' attitudes.
A 25-item posttest was constructed to measure achievement in algebra in ’

'School A and an 18- item posttest was constructed and used in School B.

Students who successfully completed grade-eight mathematics were
selected for five of the six classes. The computer group in School B
consisted- of -students-who- had followed a- ‘computer=augmented— mathematic‘““”“‘
program in grade 8

P

L ’ !

All classes in School A were taught'by the same teacher. In School!

v
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«B the teacher who had taught thie computer group in.grade 8.taught both
c¢lasses that used the computer, but another teacher taught the no-com-
puter group. Data were collected on 98 students from School A and 81

students froi School B.

4. Findings

Data from the two ‘schools were.analyzed separatel& Analyses of
~varidance and covariance were used to analyze attitude scores, and step-
wise regression analysis was used to analyze achievement. scores. .

In=Schoole there was significant variation in attitude toward A
mathematics, with the computer group having the most p%sitive'attitudei'
There was also significant variation among the groups on the mathe-
matics achievement posttest, with the computer group scoring the lowest.

" In School B there was significant variation on the mathematics ,
.achievement posttest, with the no-computer group scoring thé highest. f
There was no significant differencerin attitude toward mathematics.

" among the three classes ‘in School B. o,

]

-

5. interpretations

The results are not generally supportive of claims made by advocates
of computer—gugmented mathematics. Significant differences in achieve-
~'ment dfd nqt/favor the computer group. Significant differences in
attitude favored the computer group in the shorter-term evaluation, but
- there was no s1gnificant difference in attitude in the longer—term
'evaluation. . -

Critical Commentary s

t

This study 1s technically correct in its attempt to determine
whether use of the computer influences average class performance in
‘achievement and attitude in ninth- -grade algebra. Efforts were made to.

. control for selection of students, teacher: effect, novelty effect, and
course content No attempt was madé tc control for teacher methodology
and this may'have influenced the results. In School B, in particular, .
there were two tedchers involved in the teaching of the three classesz3

More detail about the nature of the use of the computer. would
-have been heLpful Did all students in the computer groups complete
all assigned programs7 Did student achievement in. BASIC and computer
programming concepts differ?: Another factor not described ‘'was. ease of"
access.ta..the, computer, ..... Were. . terminals..or.. sLandmalone/computer systems. -
available as tgeded and waqﬁ%d by the students? What was ''turn-around
time' -on the student—wrlttep programs7 It is critical to know what the
nature of the !computer augyentation was to appreciate the results of
a study on computer—augmenged mathematics. /
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In these computer-augmented algebra classes, considerabie time must
have been spent on learning and reviewing programming languages and tech-
niques and correcting programs. This was time.not spent on the algebraic
content of the course. Did the computer groups have less instructional
time on the algebraic content of the course? This could have particular
impadt Ffor "the computer group in School A ‘who ‘had not had a computer-
augmented 8th grade program.

Programming skills and computer techniques are a discipline of their
own and need to be learned (and taught) for their own sakes. Once students
have’ these skills, they can be applied where appropriate in a mathematics
course.u It is unfortunate that in this” ,study, the school with the’ com-
putet &lass thgt had had an eight-grade computer-augmented program was
the: school W two teachers. This confounding teacher effect makes it
~difficult to interpret or generalize the results. o A

.,»-r

."

ft may be that only particular students with identifiable character- :
istics are the ones who are most motivated and interested in learning
about computer programming and computer applications.: “An alternative
“1ine of research. might be to identify these students and determine in
what areas -or kinds of mathematics, if any, they excel. '

o The'study'reflects an excellent attempt at detectingwdifferences in
"elass " performance:. However, more clinical studies and studies that
do not detract from time spent on the mathematfcs content tasks need to
be conducted to determine if, and for which students, computer augmenta-
tion of mathematics coursework is .effective.

LLLoET
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- MISCONCEPTIONS OF PROBABILITY: . AN EXPERIMENT WITH A SMALL-GROUP, ACTIVITY-

BASED, MODEL-BUILDING APPROACH, TO INTRODUCTORY PROBABILITY AT THE COLLEGE
LEVEL. Shaughnessy, Michael. Educational Studies in Mathematics, v8 n3,
pp295-316, October 1977 '

4

| Expanded Abstract and Analysis Prepared Especially for I.M.E, by Richard
Crouse, University of Delaware. :

1.  Purpose _
To describ& and test an activity-based; model-building course' in

elementary probability and statistics which was taught to small groups
of college students. The investigator wanted to sce if this method was
an effective way of teaching elementary probability so that students

_would learn to overcome their misconceptions of probability and rely
upon probability theory in making estimates for. the likelihood of
events rather than relying upon heuristic principles which may bias
probability estimates. : '

2. Rationale .y

, Mhny undergraduate students, prior to and possibly after studying a

i f‘fmai ‘course in probability, have some misconceptions of probability
.Sbme misconceptions of probability may be of a mathematical sort, the
result of a person's inexperience. with the mathematical laws ‘of proba-

~bility. It may be possible to clear up the°eﬁmisconceptlons by.
familiarizing a person with concepts of sampiﬁ;Space, counting prlnci‘
ples, et cetera, However, there is considerable ev1dence ‘th éuggest
that misconceptions- about probability are sométimes ‘Of a- psychological

- nature, and that mere exposure to laws of probability may not be suffi-
cient to overcome some of these misconceptions. Kahneman and Tversky
claim that people who are naive about probability use certain heuristic
strategies to solve complex probability problems. However, these authors

claim that the use of heuristics may lead to bias and systematic error
in probability estimates. : o

RO

, Two specific strategies which Kahneman and Tverskv found in their
research’are called the representative heuristic and the availability
hetristic. According ‘to the representative heuristic, people tend to
make decisions about the likelihood of an event based upon how-.similar
the event is to the distzibution from which it was drawm, According to
the availabillty heuristic, people tend to make decisions about the

likelihood of an, event based upon the ease with which instances of that
event .can be constructed or called to mind.:. - %4

The present program was based on the assumption that a small-group,
‘activity-based, model—building approach to elementary probability apd
statistics can help undergraduates to overcome some of their miscon ep~-

tions about probability, and can reduce reliance upon heuristics su h
‘as availability and representativeness.
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3. 'Research Design and Procedure

. Q
o In the Spring Term of 1976, students atpMichigan Stat University
: registered ip seven sections of a finite mathematics’ cours} ‘'Four sec-
tions were randomly assigned to either the experimental activity-based
course (two groups of 20) or to the lecture-based course (26 and 14) in
finite mathematics. The subjects consisted of 80 college undergraduate
students, 48 men and 32 women. The subjects were primarily freshman
business or acqpunting majors. Exposure to probability prior to the
-course was minimal within the groups; only seven students in the sample
greported that they had had- any. previous work in probability.

The experimental activity—based course, developed by the investi-
gator; consisted of nine activities in probability, combinatorics, game
theory, expected value and elementary statistics. Students in the -
experimental course worked together in class on the activities:in small,
groups of four or five members. Each activity required the groups to
perform experiments, gather data, organize and analyze the data, and"
reach some conclusions.- The students were strongly encouraged to coop-
erate with one another and to solve problems as a group. The role of
- -the, instructor was that of organizer, diagnostician, devil's advocate
and critic. During each activity the instructor circulated among the
groups and assisted: them‘when needed Several texts were used to supple-
ment and reinforce the in-class activities. . ' : ~

) The lecture—based course was-a traditional course in finite mathe-..
matics. ‘he mathematical content bf €ach course was quite similar
although the order of the topics was?differe&t ROt

‘ he 80 subjects were pre-tested and postwtested on instruments')
ed by the authot.  The instruments tested for knowledge of some "
pro i11ity concepts and for reliance ‘upon representativeness and avail-

-ability heuristics in est1mat1ng the’ 1ikelihood of an event. Many items
were similar to or the same as itemng used by Kahneman and Tversky. The
results on these items provided some measure of the subjects' use of ‘ -
heuristics versus their use of probabillty theory to estimate probabil--

ity, $oth before and ‘after exposure to probability via one of the two »

- courses. . ...: A L e T . P

4, Findingsl

(a) The experimental activity—based classes were more successful
"~ at overcoming reliance upon representatlveness (p <O 05).

. (b) The experimental activity—bgsg‘ classes tenged.tO’be more;
successful at overcoming reliance upon availability (p <0.19L



5. ' Interpretations

The investigator concluded from his results that: . S

(a) College students can learn to discover some elementary proba-
. bility models and formulas for themselves while working on
: _probability experiments. in small groups

~(b) Making guessés for, the probability of. events _and ichecking

S guesses with a hand-held calculator seems to help college
students’ to‘be more cautious about probability estimates, and
helps to make ‘them aware of some of thaiy own miéconceptions
about probabilit&i* _ o -

T, & : R,

.wj_

(¢) Small-group. probleﬂ solving, keeping 'a log of all class work,
and investigating the misuses of -statistics all appeared to
have a positive effect upon college students' attitudes
toward mathematics. X o

N .
: o d_,;.

(d) The: ‘results of this study support the hypotheses of ‘Kahneman
and Tversky which claimed that combinatorially—naive college
students r@ly upon availability and representativeness heur~

Sy i1stics to estimate the likelihood of . evfits\\ e
i It B '..'{-'
(e) The results of this study suggeSt “that the course methodology .

and the teaching model used in an, elementary probability
course can help develop intuitiontfor probabilistic thinking
- (£) A course in which students carry out experiments, work through
" activities to build their own probability models, and discover
counting principles: for themselves .can help students to. over- ’
come their misconceptions about. probability and’ can redhce _
*.reliahce -ypon heuriscics such .as- availabil1ty and representa—'
tiveness, Mere exposure ta probability concepts’, is ‘ot
sufficient to overcome Certain misconceptions of probability.

(g) A conventional lecture approach to. the teaching of elementary
5;%*,l probability and statistics may not be the best way té- over%sp -
g e Students‘ misc&hceptions about probability ;

BRI Critical'Commentarv

]

rd ¥, L * : ' . .
This is a journal article based upon gjdgctoral dissertation and,

" therefore, some information was not include@ in the article which ‘would

have helped to clar1fy some issues. -

: Among the. questlons which arise in connection with the reporting
of this study are: - : ®

(a) Eighty subjects vere pre—tested and post-tested, on instru-
ments developed by the investigator but information such as
reliability and validity measures was _ not given.

<
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(b) The investigator stated his findings but did not treport the
statistical tests used, However, the investigator did state
that a thorough analysis of the experiment could ‘be found in
" his dissértation ard, - thus, “one can only-assume that all® of -
the information and analysis would be satisfactory.

(c) The investigator reported that the students in the experimen-

el tal course were given questiopnaires to ‘111 out and that the
experimental course had a positive effect on their attitudes
: towards mathematics. He~jid not report if the same question-
naires were given to the lecture-based classes or whether
their attituﬁds towards mathematics had changed

"*" "(d) Was not the éLstruction by the investigator of the experi—
mental courseé a confounding- factor? ' _

(e) It was not clear who taught the lecture-based class.” If the
investigator did the teach1ng, was this also a confounding
factor?,: If another instructor: taught the class, were’ - B
differentes due to the instructor ‘or to the methodologicalf. -
) - differences° IR S .

(f) Should not time- have been contrélled for]both programs? Addi—'

tional time spent ‘on’a topic has a tendEncy to result in '
increased achievement. - S :

0

w'

(g) Was. the Hawthorne effect a confounding factor for the experi—
‘ mental group’ o ‘ SR
In spite of these\criticisms, this is an interesting, clearly

© written study. which attacks an important problem in ‘teaching probabfl-.
Lo 1ity. It would ‘be instructive to replicate this study with different .
. levels of students to see if the results afe generalizable and 1f the

) differenqes can be truly attributable to the different methods -used.,

o
()
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HODERN,MATH PLUS COWPUTATIONAL DRILLS AFFECTIVE'AND COGNITIVE-RESULTS;‘
Starr,” Robert-J. School Science and Mathematics v77 n7, pp601-604,
November 1977. S ' ' . ’, K h

ExpandediAHstract and Analysis Prepared Especially for I. M E. b William
H. Nibbelink f:; University of Iowa ; . a

1.  Purpose ‘o = , S h o A

"... to measure affective and cognitive growth of students in 'mod-
ern’ mathematics as compared with that in the more traditional teaching-

.learning situation." : o

2. Rationale °

The "modern” i
‘computational ski; .and/or problem SOIVing and for giving 'hildren an
impressive vooabulary with no domain"for application _The'concern over
these alleged deficie cles warrants comgaxisons of - the effects of differ—
ent programs=on i}titude and achievement '

3. Research ﬁesign and Procedure ” . 'E. SRR S

B ] i . &

- Two "treatments for low-achievﬂng eighth graders were defined Jﬁ
- (1) modern mathematics, and 2) modgrn mathematics with additional work-
ﬁsheets}offering dril] and with teacher, le¢tare. Fifty—four students s
" were randomly divided . into two sections, both taught by the same instriic-

- tor. After a treatment period of one month, the following hypotheses.
were tested : : N 2 S

‘

Hol "There 1is no significant difference between the attitudes .
T toward. mathematics of eighth—grade students taught modern
mathematics and those of students receiving similar in- = -
~struction with the addition of “traditional - drills via '
; . ~worksheets as measured by Remmer's (3), A Scale to Measure
. Attitude’ Toward Any School SubJect, while statistically ,
/;//“\\ controlling for (a) prestudy attitude and (b) IQ." e

Y -
th "There is np significant difference between.the achievement-,;
: of eighth-grade students taughQ,modern mathematics and that .

of students: rece1ving similar <instruction but with the ad- °
dition of traditional drills via worksheets, as measured by
a teacher constructed achievement examination, while statis-
tically controlling for. (a) _prestudy ach1evement (b) 1Q,

) and (c) prestudy attitude.” - )

S



e dings . . ;i :;_' L'bgﬂ,

T SR Vo PP
- .None of the null hypotheses wa&-rejected e NP T
: it .».‘_- . ',.-' : . Y IS t
! '5. . S ‘%’ . - - . N R o ¥ . !‘ , N :

- ""There wasnﬂo 'p&dence that the use»of (supplementary) traditional b
computational;drilrgﬂﬁnd lecture increased student ac 1£vement," nor was:j
there an’"’bparen r, ationship between drills and" st ent attitude to
;ward mathemati/;k" oo e : TLZ;

A

| . - .o .
"f~n.-,‘,-, B ;ﬁ PR 'J‘%'_

/

'v' o

R AANY Critical Commentary

' . .‘....‘,' .‘_

As the ‘terms. "tradition (pre~Sputnik) and "modern" (post—Sputnik)
are used relatiye to mathemé& cs curricula, the differences between the

‘ two are notgsimply in emphases on lecture and drill. The differences are
in language, emphas1s on.problem solving, perceptual demands placed on-

_ students, types of~reasoning asked of children, functi0n of drill, funca,
tion of problem solving, ‘et cetera. Furtherm re, these differences would -
have'a far greater impact on the learning of ounger children, assuming »
the existence of developmental stages, than on junior high children.

‘Thus, even if one of the null hypotheses had been rejected, little would '
have been said‘relative ‘to the stated purpose and rationale

A -

The use of the student as the unit of sampling is questionable-
where lacture is involved, but ‘it certainly appears to be typical of
\/farch in education C . R

The use of drill- sheets for ldw—achieving eighth graders is. probably
" not an effective teaching device because of the lack of immediate feéed- -
- back. Many such students'will have solidly established systematic errors,
. which are not easily ‘changed by drill which lacks irmediate feedback.
And finally, a month.is probably a bit short . for a treatment period rel—'
ative to the concerns stated by the author. - : .
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. INDIVIDUAL - DIFFERENCES IN COGNITIVE STYLES AND - THE GUIDANCE VARIABLE
~IN. INSTRUCTION.‘ Thornell John G - Journal of Experimental ‘Education,
V45, pp9-12 Sdmmer 1977' e . 7 -

'Expanded Abstract and Analysis Prepared ESpecially for I, M E by Merlyn
B P5 Behr; Northern Illinois University.
.'\',v_..r‘ N P
1. Puréose
Theﬂpurposes of the‘study vere:
t (a): To investigatg"the relative efficiency bf two instructional
" strategies--intermediate guidance and maximal guidance--
with two sets.of subjects, analytic and global
(b) To investigate the comparative performance of subJects with
dissimilar cognitive styles, analytic and global, on each
of two instructional strategies. That is, to investigate'
whether or not an attitude-treatment- interaction would be
obtained between the cognitive style of analytic/global and
the instructional variable of 1evels of guidance.. S

. o . . _r‘«:' . ) "l-.',

2. Rationale ' o , i

T A T Co e
The rationale for this study rests on ‘the theoretical work on cog-'

. .nitive style and on empirical studies which have demonstrated a rela- .,

_ tionsbip between cognitive style and success in certain testing

“ gituations, Of particular interest to this study 1is ‘the theoretical
construct of the cognitive style referred to as analytic/global or o
field dependent/1ndependent The two extremes of this cognitive style: -*
‘are characterized by subjects who analyze and differentiate .the com-
ponents of a complex stimulus as ‘compared to subjects who respond to
the stimulus as a whole. The author cites redearch which suggests that
‘more analytic subjects are better able to structure ambiguous stimulus.
materfal on tests and are less dependent-on external guidance from the
‘examiner. The author also indicates that evidehce exists to suggest: '
‘that an analytic cognitive style is preferable in terms of performance‘
on -a variety of 1earning tasks.- '

The conceptual framework of the study thus draws upon these two
- areas of research. The first: suggests, according to the author, that:
additional structure in a learning task may facilitate concept attain-
‘ment. for the less analytic learner. The second suggests that a global -
learner exposed to an instructional task which provides little guid-~
- ance may result in the learner failing to extract necessary component
parts of the instruction. The combination of these two interpretations
leads the authar to- conjecture that instructional materials character-
ized’ by additiongl structure and guidance -may result in instructlonal
material highly effective in academic 1earn1ng.




o
-

> . 8

_'3.' Research.Design'and-Procedure - tf-" o ya.‘ LR

iy ! L ) v?—.'

T Subjects for the study were. 60 Anglo fourthvgrade students. ~Each

subject was randomly assigned -to one of .two treatment groups. “All
subjects were given the Children?s Embedded Figures Test,; - Using the .
median split. within each group, subjects were designated as analytic or ,
global. This resulted in four groups of 15 subjects.

) There were’ two. levels of ‘instructional treatmept, intermediate andi
‘maximal guidance. ' Both of the treatments are. given operational defini—

wtion in the report. The instructdonal treatments were administered to

1earning and retention. o

8 5. - Iﬁfbrpretations : i_'ﬁi‘?f' '
w '

'4;, Findings-

» stﬁle corroborates earlier> results.wﬁich suggy
, cogn{tive style is preferﬁble to’a:glhbal sty»

the subjects through non-progragmed, self-instructfonal booklegg. The
content of the ‘instructional treatments consisted of geometric oencepts
“related to bilateral translational and rotational sxmmetry. o '

" " N N "’ . .

A,post—test designed to evaluaté attainment of these concepts was .,

judged ‘by a panel of professionals-to have' cOntent validity and a .satis-
factory level of test reliability was reported. This post-test served
as a measure’ of leanning and of retention, . C »

The instructional treatment booklets were randomly distributed
within each of the two treatment groups. Thq'instructionaf treatment
~was-carried out qver three consecutive days. On 'the fourth day: the
. post-test was administered as a measure ‘of 1earning and approximately
‘8ix weeks’ later the same post-test was administered as a measure of
rMdemn , L e E ‘,,A‘. S .

A e L, d

" A
. "

ES

-

&

-

The learning and retention data were analyzed by 2-way analyses of
- variance. ' These analyses revealed non—significant F-ratios for the ..°
maip effect of instructional treatment) and for the treatment by cogni-
tive style interaction for both the learning and retention data., A .
: significant F—ratio was obtained for the effect of cognitive style on
“both’ learning ahd - retention data. Analytic stibjects performed better :
dg. both - instructional treatments than. the global subJects on both e

.¢:v.'

"y

RS S o ; o ET "-i“', :
The author indicatés"that the findings suggest fhat perhaps the
“degree of - structure or guidance is .,not as important yfth respéct to
1gdividual differences .in cognitive style as, Qrigimdlly suppgsed ‘
ﬁote is made of the fact that! the sfgnificant #ff,é #due to cogn1tive




o

'(b) Various meana. shoild be deVeloped to-provide compensatory
fqrms of education for global students. e
. : & R : L o
) Teacher training institutio§; ‘should" be charged with the
- resporisibility to sensifize tqgcHers to iﬂﬁtvidual differ# _
. ences in children's cognitive yles and to their role in g
accomnodatfhg them. . 'R ~<_._ s

, (d) :ﬁearch be undertaken In the directibn of de'vZElopment of .":
ining procedures which effect a modification,in.the‘cog—

'53-' nitiye style of’ learnets. *,. ., < n . v o) o :;
NLT S 5 A T e T e e Tk
e ot ; . B TR AP A
cooe e ’i}ﬁw'o o S : : BTN
‘ a3 Coe 'Critical Commen;ary~- I R
. L — TR DR ¢
) .' s ’ '3 fn, -t E . _9.' ? . ‘ ; '. b
e Theestudy deals with an important question" Can’ instructional T

u'materials be individualized to match identifiable cﬁaraoter;stics-of

' :learners? The potegtial for cognitive style-variables to serve as

-

a base: Qpr the {Adi¥idualizatiqn of school instruction is worthy of "
inVestigation. This is true in spite of the fact. that’the theoreticdl:

""soundness of- cognitive, style variables is currently being debated. It

. 'the final analysis-whether ox not the: construct of cognitive style hasg
, practicai value-for education. R &

f,accumulated research The investigator S. recommendation that research‘;;
be, directed ‘to develpp training procedures for changing cegnitive - - -

»cerning teacHer- awaréness -about individual difference$ in .léarning’ "f

will be- results of ‘empirid¢al studies such as this that determine in’

. '_ .'.- ; ) ' _{j. __'.';'.." .‘ 'u : .-. . ."
One iS inclined to think that; the ainvestigator s suggestion con—-

Coaee

‘td cognitive style may “be premature, - This seems especially true‘in*

ﬁview of the fact that the recopmendations made are couched it the ‘ ’#n”

results of this oné piece of research_father than a large bdﬂ& of

style of students is ‘a provocative’ omne. It r%ises phi o$6phical .

"'questions about: the objectives of education, ‘Do~ We' agree that .am ]‘?' ‘ 9

3 objective of education ishts make learners increas!ngly alike°. While /
" .there does seem to .he evidence that afialytic learners perform better,

. on ceﬁtain ‘academic, tasks than’ global learners, this alone does not;

students to analytiq. o

8uggest the - desirabiiity to change the cognitive ster of global
€ K ) i *a7] A
‘The: investigator $ procedure of forming two*tfeatment groups.and -

a

"then doing a median split based on scores of the Children's Embedded

f;Figutes Test within each group is questionable._ Thﬁs‘method could,
v effectively,.allow for some subjects to be classified as apalytic or.

. global accordihg to. which gr@up they belong. A - ' - f y
” . . / . . . S - '“..\s - . ( . .
. . : . S .
L - L. 4 .
S ) o : - . e, SR : -
s ay
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HATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN JOURNALS AS INDEXED BY
CURRENT INDEX TO. JOﬂRNALS IN EDUCATION
. January - March 1978
EJ 163 380 Schiller, Diane Profita. . The Effects d¥f the "Fragtion'
‘Ruler" Manipulative for Teaching Computatfon" of Fractiﬁ
Clearing House, v50 n7, pp300-03, March 1977.
: ] #Q r
EJ 163 740 Engelhardt J.M. Analysis of Children's Computa— .
T, tional Errors: A bualita'(ve Approach. British Journal? e
- of; Educational Psychology, v47 pt2, ppl49—54 June 1977.

EJ 163 74e | Ghodsian, M; Calnan, M. A Comparative Longitudinal
' y : Analysis of Special Education Groups. British Journal
i of Educational Psychology, v47 pt2, ppl62-74, June 1977.
EJ 164 936 Shydam, Marilyn N.; WeaVér,’J. F. Research on Mathe-
e  maties Education reported in 1976. Jouranl for Research

in Mathematics Education, v8 n4, pp242-316, July 1977.
. N . ' - N
(EJ 164 937 Lesh, Richard. Recent Cooperative Research Concerning
.the Acquisition of Spatial and Geometric Concepts. Journal
for Research in Mathematics Education v8 n4, pp317-320,
July 1977.

r

EJ 165 727 Ribner, Sol; David Gerald. The Effects of Spqpig‘r
: Class Placement on Multiple Disabled Children. Reading
Improvement, vlé4 n3, ppl38 =43, tFebruary 1977.

EJ 166 420  Pascarella, Ernest T. Interaction of Motivation, ‘
Mathematics Preparation, and Instrucgional Method in a
PSI and Conventionally Taught Calculus Course. AV Com-
munication Review, v25 nl pp25-41, Spring 1977.

EJ 166 665 Choat, Ernest. The Relative Deéglopment in Young =
: Children o f Geometrical and Numerical Conceptdb Educa—
tional Studies, v3 n2, ppl53-69, June 1977.

EJ 167 954 Singh, Norbhay Nand. Experience Effects in thé Acceler-
ation of Number Conservation in Mentally Retarded Children.
Australian Journal of Mental Retardation v4 n5 pp22-8,
March 1977

-,

EJ_.168 526  Greenwood, Michael E. Two Factors Involved in Succeés-
' : ful Individualized Mathematics Programs. .Two Year College
Mathematics Journal, v8 n4, pp219-222, September 1977.

EJ 168 695 Filby, Nikola N. Time Allocated to Reading and Mathe-
" matics (How It Varies and Why). Califorhia Journal of .
Teacher Education, vé4 n2, ppl2-22, June 1977.

EJ 163 852 Fennema, Elizabeth; Sherman, Julia. Sex-Related  °
Differences in Mathematics Achievement, Spatial Visual-
ization and Affective Factors. American Educational
Research Journal, v14 nl, pp51-71, Winter 1977.
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MATHEMATICS EDUCATION RESEARCH STUDIES REPORTED IN RESOURCES IN EDUCATION

ED

ED

.~ ED

ED

ED

ED

ED

ED

-ED

January - March 1978

142 867 -Fox, Lynn H. The Effects of " Sex Role Socialization on -
Mathematics Participation and:Achievement. -119p. MF and

- " HC available from EDRS. : o . v

4

142 906 Fennema, Elizabeth. Influences of Selected Cognitive,
Affective and Educational Variables omr Sex-related Differ-
ences in Mathematics Learning and Studying. 68p, .MC and
HC available from EDRS.

".'

143- 620 Gow, Doris]T. A Syntheéis of Research in Basic Skills
' 69p. MF and HC avallable from EDRS. :

143 933 Merkel’Keller, Claudia. Sex Differences in Mathematics
An Investigation of Sex Differentiated Attitudes Toward w
~ Mathematics and Sex-Differentiated Achievement in Mathema-—: . .:

tics on the Ninth Grade Level in Eight Schools in New Jersey.
130p. MF and HC available from EDRS. . Co

N

[

144 800 Denmark , Tom, Ed. 1974 Fall Testing Program and
‘ ‘Analysis of the-Data. PMDC Technical Report No. 1. 59p.
MF and HC available from hDRS

-

144 801 Denmark Tom, Ed. Bibliography for 1974 Fall Testing
: Program and Analysis of the Data. 120p. MF and HC avail-
able from ‘EDRS.

\ . : - 0» ) ; I

144 802 Behr Merlyn; And Others. How Children View Equality
Sentences. - PMDC Technical Report No 3. 15p}. MF and HC
available from EDRS. ‘ . ’

144 803+  Clarke, Cynthia A. Descriptionj;andetatistical
Results of the 1975 Fall Testing Program. PMDC Technical
Repqr?tNo. 4. 7lp:; MF and HC available from EDRS.

#i : - '

144 804 . Campbell, Patricia F. Literature Review: Research on .
Children's Comprehension of Pictures. PMDC Technical Report
No. 5. ,64p. MF and HC gvailable from EDRS. .

144 805 Denmark, Tom{_And othérSw' Final Report: A Teaching
) Experinfént on Equality. PMDC Technical Report No. 6.
¢ 198p. MF and HC evailable from EDRS.

-

,k4'806 Hamrigi, Kathetine B. An Investigation of Oral Language
Factors'in Readiness. for the Written Symbolization of Addi-
tion andeSubtraction. PMDC Technical Report No. 7. 145p.
MF available from EDRS. HC not ,available from EDRS. S

® . & - » »
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ED 144 807 - Cambell, Patricia F. Tﬁe'Rdle ofiPictures-iH First
S Grade Children's Perception of Mathematical Relationships.

PMDC Téchnical Report No. 8. 186p. MF and HC available
from EDRS. . g ‘

ED 144 808 Steffej Leslie P. Quantitative Comparisons and Class -
- Inclusion“as Readiness Variables for Leatning First Grade
Arithmetical: Content. PMDC Technical Report, No. ‘9 289p. .
~MF and HC avallable from EDRS. ’ . '

’

ED 144 809 Behr Merlyn J.. Teaching Experiment: The Effect of
" Manipulatives in Second Graders' Learning of Mathematics,,
Volume I. PMDC Technical Report No. 11. 150p. MF and
HC available from EDRS

.
o~ .

ED 144 810 ° .Behr, Merlyn J., Ed&f Teaching Experiment' .The Effect
of Manipulatives ‘in" Second Graders' Learning of Mathematics, -

: Volude 11, Case Studies.. PMDC Technical Report No.. 12. :
L. 146p MF and HC available from EDRS. { '

ED 144 811 Gerling, Max;hWood Stewart. Literature-Review: Re-
search on the Use of Manipulatlves in Mathematics Learning.
PMDC Technical Report: No. 13 .58p. MF and HC avdilable-
from EDRS. B e '

* .

ED 144 812 'Nichols, Eugene D. First and Second Grade Children's
‘ ' ~ Interpretation of Actions Upon Objects. PMDC Technical
. Report No. 14. ISpZ MF and HC available from EDRS.I

ED 144 813" Project for the Mathematical Development of Children,
thematics Test: Grade One, Grade Two. Florida State .
niversity, Tallahassee, Florida. 21lp. MF and HC availablg

. ‘from EDRS. ' S

'ED 144 822 Travers,‘kenneth J. International Study of Mathematics.
Achievement: Planning Conference. Final Report and Appen-

* dix. 45p.  MF available from EDRS. #C not available from.
EDRS. o : ’ C

ED - 144 823-  Second IEA Mathematics Study. Suggested Tables of
' Specifications for the IEA Mathematics Tests. Working Paper
- I. International Association for the Evaluation of Educa-v
tional Achievement, Wellington (New Zealand). 134p. . MF
available from EDRS. - HC not available from EDRS.

ED 144 832 Wall, Janet. Objective-Referenced Measuyre in Mathema-
tics. Summary Report. 25p. MF gnd HC available from EDRS.

ED 144 839 Hungerman, Ann D. - 1965-1975: Achievement and %Analysis
' of Computation Skillsy Ten Years Later (Part II1). 18p.
MF and  HC available from- EDRS.
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ED 144 840 Suydam Marilyn N.; Higgins, Jon L. Activity-Based
: ' Learniﬁg in Elementary. School Mathematics: Recommendations
from Research. 197p. MF and HC available from EDRS.

ED 144 841 Massey, Tom E.; Conner, Totsye J. A Réport on a Tested
Alternative to the Traditional High School Geometry Course.-

Research Monogrqgh No.. 21. 18p.. MF and HC available from
EDRS.. ' : '

"

"ED 144.958 Wearne, Diana ‘Catherine. Development of a Test of
. Mathematical Problem Solvlng Which Yields A Comprehension,
Applicatlon, and Problem Solving Score. Technical Report
No. 407. 174p. MF and HC available from'EDRS.

: RN . . ) oo .
ED 145 312 . Sherman, Julia. Summary of Effects of Biological
' AR Factors on Sex-Related Differences in Mathematics Achleve—
. ment. 7p. MF and HC available from EDRS Ty

ED 145 855"_ Searle, Barbara; And Otherd. Application of Radio to
T&aching, Elementary Mathematict in a Developing Country.
Fourth Annual .Report. 122p. MF and HC-available from EDRS.

ED_ 146 013 . Weaver, J.F. Consistency of Fifth-grade Students'

o Solution Methods for Certain Open Distributive Sentences:

Hoggs' Data Revisitied.  Project Papér 76-5. 18p. MF and
HC available from EDRS. | | I 5

X

'ED 146 015  ‘Easley, J.A., Jr: On Clinical Studies in Mathematics
Education._ 44p. MF and HC available from EDRS.

ED 146 016. van Bruggen John C. Freudenthal ‘Hans. A Review
E of Soviet Studies in the Psychol;gy of Learning “and Teachigg
‘Mathematics (6 Volumes). Proceedings of the National Academy
of Educatjon, Vol. 4, ¥977. 37p. MF and HC available from

EDRS.
ED 146 052 Kutz, Ronald. An Analysis of the Use of Math Manipula-
. tive Materials in North -Dakota, No. 8. 48p. MF available
.+ from EDRS. HC not available from EDRS."
ED ' 146 055 - King, Irv, ., Evaluation Reporf on the Pilot Testing‘of

ﬂ..the F{fth and Sixth Grade Levels of THE 4M COMPANY, an
tdry School Metric Measurement Program. 4lp. MF and
HC a3§i¥§ble from EDRS. . G

1Y

N QW 146 056 nsrarkey, Roberta, Klusedorf ‘Anha’ Maria. Student's
Y . Attidues Toﬁard Tracking . T4p. MF and HC available from
Y . EDRS, . . v
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ED 146 206 A Survey of ESEA Title I Participants' Successful
: Performance in Criterion-Referenced Objectives: Reading
and Mathematics. Topical Report Series Nos. 76-9 and 76-10.-
New York State Education Dept., Albany, New York. 73p.

MF and HC ayailable from EDRS.

“ED 146 216 Koffler, Stephen L. New Jersey Statewide Minimum
Standards: Results from the Program's First Year. Occa-
sional Papers in Education. 52p. MF and HC available
from EDRS. - — '

| S . - : Y
ED 146 255 . Tsang, Sau-Lim. The Effects of the Language Factor
" . and the Cultural Content Factor of Mathematics Achievement
Test on Chinese and Chicano Students. 147p. Document not
available from EDRS. ' o




